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Abstract: Cocaine Use Disorder (CUD) is one of the diseases with the greatest social and health
impact, due to the high cost of rehabilitation management and the high risk of dangerous behavior
and relapse. This pathology frequently leads to unsuccessful attempts to interrupt the consumption,
resulting in relapses and a vicious cycle of binge/intoxication, withdrawal/negative affect, and pre-
occupation/anticipation (craving). The alternation of these phases in addiction was well illustrated
by Koob and colleagues in the so-called “addictive cycle”, which nowadays represents a landmark
in the addiction field. Recently, there has been a surge of interest in the worldwide literature for bi-
omarkers that might explain the different stages of addiction, and one of the most studied bi-
omarkers is, without a doubt, Brain-derived Neurotrophic Factor (BDNF). In this perspective article,
we discuss the potential role of BDNF as biomarker of the CUD phases described in the “Addictive
Cycle”, speculating about the close relationship between BDNF fluctuations and the clinical course
of CUD. We also discuss BDNF’s potential role as “staging” biomarker, predicting the progression
of the disease. Finding valuable biomarkers of CUD severity and disease stage could shift clinicians'
focus away from behavioral symptomatic treatment and toward a novel brain-based approach, al-
lowing for the development of more effective and targeted therapeutic strategies, thus determining
major benefits for CUD patients.
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1. COCAINE USE DISORDER: A “BRAIN DISEASE”
SEEKING FOR POTENTIAL BIOMARKERS

cycle laid the groundwork to explore the neurobiological
changes, that corroborate the “brain disease model” of addic-
tion [3]. This concept is well supported by the increasing
evidence of the leading role of neurodegeneration in CUD
[4]. Chronic consumption, in fact, seems to be related to oxi-
dative injury and consequently to the activation of inflamma-
tory pathways. The “hormetic response”, a biphasic cellular
activity induced by redox-active agents, exposure, and its
impact on inflammatory/antinflammatory pathways [5, 6]
have recently received much attention. The hormetic re-
sponse appears to impact brain pathophysiology and stress
resistance mechanisms to oxidative, inflammatory insult, and
neurodegenerative damage as in chronic cocaine use. Due to
its involvement in neurogenesis, neuroplastic and neuro-
degenerative processes, the brain derived neurotrophic factor
(BDNF) has been extensively investigated as a potential bi-
omarker in several mental disorders [7], including CUD.
Some studies [8-10] reported lower BDNF levels in CUD
subjects compared to healthy controls, while other findings
showed higher levels in these subjects [11]. Based on these
potential consistent inconsistencies, here we discuss the po-
tential role of BDNF as a candidate biomarker of CUD,

Cocaine Use Disorder (CUD) represents a chronic and re-
lapsing disease, characterized by compulsive drug intake,
frequent drug-seeking behaviors and loss of control capacity
over substance consumption [1]. CUD is an important con-
tributor to global disease burden, and currently available
diagnostic tools and treatments are often inadequate to con-
trol the course of this disorder, leading to the development of
a vicious cycle of binge/intoxication, withdrawal/negative
affect, and preoccupation/anticipation (craving). These phas-
es of the “addictive cycle” have been described by Koob and
colleagues, representing a landmark in the addiction field
[2]. While drug addicts’ assessment is largely based on the
evaluation of drug use (i.e., cocaine daily use, days of heavy
use, relapse rates, efc.) and cocaine craving intensity, in-
creasing research has recently been directed toward the de-
velopment of valuable biomarkers to monitor disease severi-
ty and to predict treatment response. Moreover, the addiction
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across its different phases, severity levels and disease pro-
gression.
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2. BDNF FLUCTUATIONS DURING THE “ADDIC-
TIVE CYCLE”

We propose that discrepancies in BDNF levels found in
CUD subjects across the studies may be primarily related to
fluctuations detected in different phases of the “addictive
cycle”. Animal model studies emphasized that a single dose
of cocaine can trigger a rapid, but transient, increase in
BDNF levels [12-14]. This raise seems to determine the acti-
vation of reward circuit, with a subsequent potentiation of
cocaine-induced reinforcement. Nevertheless, some studies
describe a persistent reduction of BDNF when moving from
occasional use to chronic abuse [8, 10, 15], in the so-called
binge/intoxication phase. Perpetuation of substance abuse
leads to a sustained hyperactivation of the reward system and
may induce an allostatic neuroadaptive phenomenon at the
dopaminergic mesolimbic circuit [16, 17], resulting in signif-
icant reductions in BDNF levels [15]. During this phase,
decrease of BDNF levels appears to be deeply influenced by
physiological and pathological factors, including years of
substance use and the amount usually ingested [9].

Previous findings have described higher BDNF levels
during the withdrawal phase [18] and others indicate a clear
transition from lower to higher BDNF levels when moving
from intoxication to withdrawal phase [10, 18]. In the with-
drawal/negative affect phase of the addiction cycle, clinical
features (loss of motivation for natural rewards, dysphoria,
alexithymia, chronic irritability) are associated with neurobi-
ological hypoactivation of the reward circuit in response to
drug-independent stimuli, increased stress sensitivity and
HPA axis hyperactivity; in this perspective, the increase in
BDNF levels could be related to both HPA axis hyperactiva-
tion [19, 20] as well as to the allostatic dysregulation of re-
ward circuits induced by chronic cocaine use [12, 21].

Drug withdrawal leads to increased substance craving
and risky behaviors over times, corresponding to preoccupa-
tion/anticipation phase of the addiction cycle. During this
phase, BDNF levels could potentially predict the risk of dan-
gerous behaviors and relapse: higher levels seem to be asso-
ciated with craving and an increased occurrence of relapse
episodes as well as with higher drug intake [11].

Taken together, these evidence support the hypothesis
that BDNF levels fluctuates along with the clinical course of
CUD, in line with the results of previous preclinical investi-
gations [12, 13, 22]. In fact, in these preclinical studies, even
if in a simplified manner compared to our hypothesis, a fluc-
tuation to high levels of BDNF was detected after cocaine
administration. In addition, preclinical evidences supports
the close relationship between BDNF and the behavioral
aspects of CUD, observing the craving and self-
administration of cocaine after direct BDNF injection into
the brain. The opposite effect is obtained by blocking the
function of BDNF by antagonizing the TrkB receptor, result-
ing in reduction of self-administration [23]. These findings
could generate important translational hypotheses on the
crucial role of the BDNF and its stabilization on addictive
behaviors even in a clinical setting.

From the transiently elevated levels during the acute in-
take [12-14], BDNF move to a significant reduction in the
intoxication phase [8, 10, 15], until a subsequent renewed
increase in the withdrawal phase [10, 18], with a peak relat-
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ed to the rise of craving levels and to higher risk for relapse
[11].

BDNF fluctuations are reproduced in Fig. (1), where it is
shown the periodic trend in which variations appear closely
associated with the different phases of CUD disease.

Although previous works have suggested a possible vari-
ation of BDNF in CUD phases [10, 18], this is the first arti-
cle, in our knowledge, to theorize a relationship between
clinical presentation and BDNF variation in CUD, conceptu-
alizing a novel hypothesis of an “Addictive period”. As the
different phases of disease appear to repeat over the time,
BDNF levels fluctuate, reproducing a "periodic" oscillation.
In this context, different CUD phase, on a biochemical level,
could generate this "addictive period", in which the periodic
oscillations of BDNF levels may underpin the occurrence of
various clinical phenomena (acute ingestion, chronic abuse
and intoxication, abstinence and craving).

3. BDNF AS POTENTIAL BIOMARKER OF THE
“ADDICTIVE PERIOD” AND DISEASE WORSENING

Considering the fluctuations of BDNF levels as a poten-
tial biomarkers of CUD clinical course, future studies may
explore their predictive value in terms of relapse risk and
treatment response. Although this speculation needs further
confirmation, this conceptual framework could stimulate
future research in the field to design well-powered prospec-
tive studies. If this “addictive period” hypothesis is con-
firmed, it could represent a valuable tool for clinicians. In
fact, in real-world clinical practice objective markers for
CUD are lacking and their development could have a deep
impact in terms of disease monitoring and relapse preven-
tion. Furthermore, since changes in mesolimbic reward cir-
cuitry are the result of allostatic neuroadaptation mechanisms
and cocaine-induced damage [24], it could be hypothesized
that chronic drug use could lead to a persistent reduction in
BDNF over time, in a manner related to the severity of CUD.

In this context, BDNF levels could be interpreted as a po-
tential "indicator" of disease worsening over the years, main-
ly related to the reduction of neuroplasticity potential along
with disease progression. Supporting this hypothesis, the
increased rate of BDNF during abstinence was observed to
be inversely related to the severity of dependence, intended
as the amount of substance taken and the years of use [10,
18]. This mechanism has also been observed in individuals
with recurrent depression, where lower BDNF levels are
associated with longer depressive episodes and neurotrophin
levels remain lower during intercritical periods than in
healthy controls [25, 26].

When studying the “addictive period”, not only BDNF
but also its metabolism should be considered, as neurotro-
phin production is finely regulated by numerous convergent
epigenetic regulatory pathways that seems to be deeply in-
fluenced by cocaine ingestion [27, 28]. In fact, the epigenetic
modulation of BDNF following acute cocaine intake is con-
trolled by the acetylation and deacetylation of histones of
various gene promoters [27, 29] and the regulation of the
Bdnf gene via micro-RNA [28]. In this framework, the
BDNF precursor (proBDNF) should also be considered, as it
represents the bioavailability pool of neurotrophin and its
concentration in combination with BDNF provides crucial



2026 Current Neuropharmacology, 2022, Vol. 20, No. 11

Miuli et al.

BDNF 1

levels

Acute
Assumption

Withdrawal

Basal [-----}--- Negative affect

Binge/Intoxication

Time

P
Preoccupation
Anticipation

Binge
Intoxication

S~

Withdrawal
Negative affect

Fig. (1). The “Addictive” period: a representation of periodic BDNF levels fluctuation between lower levels and higher ones, consistently
with the three phases of Koob cycle. Adapted from Koob, G.F., Volkow, N.D. Neurobiology of addiction: A neurocircuitry analysis. Lancet
Psychiatry, 2016. (4 higher resolution/colour version of this figure is available in the electronic copy of the article).

information about the metabolic and neurotrophic state of the
nervous system as observed in major depression, bipolar
disorder [30] and other substance use disorders [31].

Overall, studying the temporal changes related to the per-
sistent cocaine use in BDNF and in its metabolic pathways
could lead to a better "staging" of this pathology, able to
predict the impairment degree and the prognosis of patients
based on the substance’s brain tissue damage and thus the
possible outcomes of a "targeted" therapeutic approach.

4. BDNF AS A POTENTIAL TARGET FOR NEW
THERAPEUTIC STRATEGIES

As previously mentioned, preclinical findings have
shown the close relationship between BDNF regulation and
the clinical presentation of CUD [23]. In this perspective,
future studies could contribute to determining a possible role
for BDNF as a potential mediator for novel therapeutic tools
in CUD.

Several pharmacological agents [32] and non-invasive
brain stimulation techniques [33-36] have been tested as po-
tential treatment of CUD. Future investigations should ex-
plore their potential in terms of BDNF levels “stabilization”,
in order to prevent periodic fluctuations that potentially drive
disease progression across the phases. The concept of stabili-
zation of BDNF underlies several regulatory mechanisms
that involve proBDNF and the endogenous modulation of the
metabolism of these neurotrophins. Some recent evidence in
the psychiatric field already supports this hypothesis; in this

respect, Wu and collaborators have found that the hyperme-
tabolism of BDNF is related to an increase in BDNF/ proB-
DNF ratio only in patients with severe manifestation of de-
pression [37].

Drugs that act on glutamatergic transmissions, like ket-
amine and esketamine, both selective NMDA receptor an-
tagonists are currently able to modulate BDNF production.
Ketamine has been observed to increase BDNF production
along with its specific receptor TrkB, triggering phenomena
of neuroplasticity and neurogenesis that support the drug's
rapid antidepressant effect. Furthermore, the regulation of
glutamatergic neurotransmission by ketamine and esketa-
mine has been proposed as a potential intervention in sub-
stance use disorders [38]. In addition, other pharmacological
agents displayed efficacy in modulate serum BDNF levels
like, for instance, Serotonin Selective Reuptake Inhibitors
and Serotonin and Norepinephrine Reuptake Inhibitors : the-
se agents are able to trigger a rapid increase of serum BDNF
[39] and, although this increase seems not to be directly re-
lated to changes in depression levels, BDNF stabilization has
emerged as a facilitatory role in the mechanism of action of
these antidepressants, although it does not seem to be direct-
ly related to changes in depression levels [40].

BDNF levels could also be affected by various brain
stimulation techniques such as repetitive transcranial mag-
netic stimulation (rTMS) and transcranial direct current
stimulation (tDCS). It has been observed that selective
stimulation of the dorsolateral prefrontal cortex (DLPFC)
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induces an increase in BDNF levels and a significant reduc-
tion in craving in patients with addictive disorders [34, 35].
Furthermore, genetic-determined variability in BDNF levels
seems to highly influence treatment response: studies evalu-
ating efficacy of rTMS in treatment-resistant depression have
shown how Single Nucleotide Polymorphisms are able to
predict treatment response, with the BDNF Val66Met poly-
morphism particularly related to better outcomes in patients
treated with rTMS [41].

CONCLUSION

In conclusion, a better understanding of the “addictive
period” here hypothesized could lead to targeted, patient-
tailored, well-timed treatment interventions.

Furthermore, valuable biomarkers of CUD severity and
disease stage could shift the attention of clinicians from the
perspective of a behavioral symptomatic treatment, towards
a novel brain-oriented approach. Translating the addiction
brain disease model into clinical practice may allow to de-
velop more effective therapeutic strategies, thus determining
great benefits for CUD patients.
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