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Abstract

Soybeans contain different isoflavones (mainly daidzein) which work as
reversible inhibitors of aldehyde-dehydrogenase-2 enzyme (ALDH?2). This
activity has been related in animal experiments with a reduction of cocaine
use. Our aim was to carry out an open-label pilot study to evaluate the
possible efficacy of soy isoflavones as natural inhibitor of ALDH2 in cocaine
use disorder. Nine subjects with severe cocaine use disorder participated in a
single-center, open, non-controlled trial during 12 weeks of treatment and 4
of follow-up. The Substance Use Report (SUR) showed that three subjects
(33.3%) reported a cocaine consumption of less than 20% (80% non-use
days) from 10 to 12 weeks of the treatment period, from two (22.2%) at
baseline, although non-significant. A finding that could not be confirmed
by the detection of urine metabolites of cocaine. Seven participants (77.8%)
completed the study at 16 weeks and one (1.11%) at 12 weeks. Urine
concentrations of isoflavones, demonstrated that eight participants (88.9%)
followed the treatment along the study. The Severity Dependence Scale
(SDS) score showed a significant decrease between baseline to 12 weeks,
baseline to 16 weeks and 12 to 16 weeks; the Brief Substance Craving Scale
(BSCS) and Cocaine Selective Severity Assessment (CSSA) decreased their
values but not significantly. Significant improvements in different areas of
the SF-36 scale were observed: body pain scores decreased from baseline
to 16 weeks statistically significant; social function improved its scores from
baseline to 12 weeks and from baseline to 16 weeks significantly; the rest of
areas increased their scores but not significantly. These findings show lower
ratios of cocaine use days, and high retention and adherence to treatment
although the acquisition of complete abstinence was not observed. Soy
isoflavones could be considered a potential treatment in future research, to
be confirmed by placebo-controlled studies with adequate sample size.
Keywords: cocaine, aldehyde-dehydrogenase-2 enzyme, daidzin, daidzein,
soy isoflavone extract, clinical trial

Resumen

La soja y sus habas contienen diferentes isoflavonas (principalmente
daidzeina) que actian como inhibidores reversibles de la enzima
aldehido-deshidrogenasa-2 (ALDH2). Esta actividad se ha relacionado en
experimentos con animales con una reduccién del consumo de cocaina.
Nuestro objetivo fue llevar a cabo un estudio clinico piloto abierto para
evaluar la posible eficacia de las isoflavonas de soja, como inhibidor natural
de ALDH2, en el trastorno por consumo de cocaina. Nueve sujetos con
trastorno grave por consumo de cocaina participaron en un ensayo
unicéntrico, abierto y no controlado durante 12 semanas de tratamiento y
4 de seguimiento. El Substance Use Report (SUR) mostré que tres sujetos
(33,3%) informaron un consumo de cocaina inferior al 20% (80% de dias
sin consumo) entre las semanas 10y 12 del periodo de tratamiento, frente a
dos (22,2%) al inicio, aunque sin significacién estadistica. Un hallazgo que
no pudo ser confirmado mediante la deteccién de metabolitos urinarios
de cocaina. Siete participantes (77,8%) completaron el estudio en la
semana 16 y uno (11,1%) en la semana 12. Las concentraciones urinarias
de isoflavonas demostraron que ocho participantes (88,9%) siguieron el
tratamiento a lo largo del estudio. La puntuacién de la Severity Dependence
Scale (SDS) mostr6 una disminucién significativa entre el inicio y las 12
semanas, entre el inicio y las 16 semanas y entre las semanas 12 y 16; la
Brief Substance Craving Scale (BSCS) y la Cocaine Selective Severity
Assessment (GSSA) disminuyeron sus valores pero no significativamente.
Se observaron mejoras significativas en diferentes areas de la escala Health
Survey SF-36 (SF-36): las puntuaciones de dolor corporal disminuyeron
desde el inicio hasta 16 semanas de forma estadisticamente significativa; la
funcién social mejoré sus puntuaciones desde el inicio hasta 12 semanas
y desde el inicio hasta 16 semanas de manera significativa; el resto de las
areas aumentaron sus puntuaciones pero sin significaciéon. Estos hallazgos
muestran menores proporciones de dias de consumo de cocaina, y elevada
retencién y adherencia al tratamiento, aunque no se observé la adquisicién
de abstinencia completa. Las isoflavonas de soja podrian considerarse un
tratamiento potencial en futuras investigaciones, lo cual deberd confirmarse
en estudios controlados con placebo y tamafio muestral adecuado.
Palabras clave: cocaina, enzima aldehido-deshidrogenasa-2, daidzina,
daidzeina, extracto de isoflavonas de soja, estudio clinico
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Soy isoflavones for the treatment of cocaine use disorder: An open-label pilot study

he 2024 World Drug Report, published by

the United Nations Office on Drug and

Crime (UNODC, 2024), states that in 2022

approximately 23 million individuals (range:
18.5-29.6 million; 0.45%-0.57% of the total population),
had used cocaine almost once in the previous year.
According to the 2024 European Drug Report from
the European Monitoring Centre for Drugs and Drug
Addiction (EMCDDA) (EMCDDA, 2024), cocaine has
become the second most frequently consumed illicit drug
in Europe. The report also warns about the increasing
potential health risks.

Cocaine acts by inhibiting the monoamine transporters of
the presynaptic neuronal membrane. Through this inhibition
it blocks the reuptake of monoamines resulting an increase
of dopamine and the other monoamine concentrations
(norepinephrine and serotonin) in the synaptic cleft (Cami et
al., 2003; Fernandez-Castillo et al., 2021). Euphoria, feeling
of pleasure, and other positive reinforcing effects of cocaine
are related not only with changes in dopamine transporter
at the presynaptic level but also with changes in dopamine
homo and heteroreceptor complexes at the post-synaptic
level and with the maladaptive development of drug
memory, in both anti-reward and reward ventral striato-
pallidal GABA pathways (Borroto-Escuela et al., 2019;
Milton & Everitt, 2012). Continued, chronic administration
of cocaine induces changes in several neurotransmitter
systems affecting the function of several areas and circuits
such as the mesocorticolimbic system (nucleus accumbens,
ventral tegmental and prefrontal cortex) (Fernandez-
Castillo et al., 2021). Produces a reduction in the number
of dopamine receptors in the central nervous system and,
as a result, a decreased sensitivity of the reward system
(Ashok et al., 2017). However, recent works demonstrate
that other changes at the dopamine receptor structure and
function must be considered, for instance, cocaine induced
pathological A2AR-D2R, D2R-SigmalR and A2AR-D2R-
SigmalR complexes which may form a long-term memory
with a strong and permanent D2R brake, leading to cocaine
addiction (Borroto-Escuela et al., 2017; Borroto-Escuela
et al., 2018; Koob & Volkow , 2010). At the clinical level
such molecular changes result in an increase in repetitive
and compulsive consumption (binge use) (Koob & Volkow,
2010) and loss of behavioral control. Neuroanatomical
abnormalities have been described in cocaine users such
as a reduction in the grey matter volumes in the prefrontal
cortex and consequent dysfunction of this region (Ciccarone
& Shoptaw, 2022; Hirsiger et al., 2019; Volkow et al., 2011)

There are as yet no specific drugs or psychotherapy
for the treatment of cocaine substance use (Farrel et al.,
2019; Kampman, 2019). Data about the therapeutic use
of certain drugs, including anticonvulsants (Alvarez et al.,
2010; Minozzi et al., 2015), psychostimulants (Castells
et al., 2016; Pérez-Mana et al.,, 2011) , antidepressants

(Pani et al., 2011; Torrens et al., 2011) and antipsychotics
(Alvarez et al., 2013; Bentzley et al., 2021; Indave et al.,
2016), have been published although lacking sufficient
efficacy and evidence. Current lines of research are focused
on the production mechanisms of different monoamines
(Kohut et al.,, 2017), and, to date, disulfiram, which
interacts with dopamine production, has shown the most
promising clinical outcomes (Gaval-Cruz et al., 2009;
Kampangkaew et al., 2019; Pani et al., 2010; Schroeder
et al., 2010; Weinshenker, 2010;). Findings are, however,
still controversial as some studies have reported beneficial
results while others have not (Carroll et al., 2016). On the
other hand, considering the high rates of concomitant
consumption of alcohol and cocaine (60% or more) in the
population (Araos et al., 2017) there is a crucial limitation
in the use of disulfiram. This compound is contraindicated
if alcohol is simultaneous consumed because it is an
inhibitor of aldehyde
(ALDH1) and could induce an adverse reaction.

irreversible dehydrogenase-1

Several studies have suggested that selective inhibitors
of the (ALDH2)
could be effective in the treatment of cocaine use disorder
(Koppaka et al., 2012; Weinshenker, 2010; Yao et al.,
2010). Inhibition of ALDH?2 blocks the conversion of the
substrate 3,4-Dihydroxyphenylacetaldehyde (DOPAL) to
3,4-Dihydroxyphenylacetic acid (DOPAC) increasing its
levels and consequently forming with dopamine the product

aldehyde-dehydrogenase-2

enzyme

of condensation tetrahydropapaveroline (THP)in the ventral
tegmental area. THP decreases dopamine biosynthesis
through the inhibition of the tyrosine hydroxylase (TH) and,
as a result, the ability to produce positive reinforcement is
reduced. Natural selective reversible inhibitors of ALDH?2
have been described in soy extract isoflavones (Lowe et
al., 2008). The most prominent of which are genistin,
glycitin, and especially daidzin. The active metabolites of
daidzin, genistin, and glycitin are daidzein, genistein, and
glycitein, respectively. In addition, at the intestinal level,
bacteria transform daidzein into another active metabolite,
equol. Various studies have confirmed the selective action
of isoflavones on ALDHZ2, but not on ALDH]1, in contrast
to disulfiram. As a consequence, if alcohol is consumed
the related adverse effects will not appear ( Amigdala
Neurosciences, 2025; Martinez-Riera et al., 2019; Penetar
et al.,, 2011). For centuries traditional Chinese medicine
has employed isoflavones for the treatment of the alcohol
use disorder (Lu et al., 2009; Overstreet et al., 2003), and
studies in animals (Arolfo et al., 2009) and humans have
demonstrated a reduction in alcohol intake (Lukas et al.,
2013; Penetar et al., 2015). There are, however, no data in
humans measuring the possible effects of isoflavones or other
synthetic inhibitors of ALDH2 on cocaine use. In animal
models, the administration of different isoflavones has
resulted in specific results, such as the reduction of relapses
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conditioned by environmental stimuli and a decrease in
repeated consumption (Martin et al., 2021; Yao et al., 2010).

Traditional abstinence-only approaches to substance use
disorder treatment often fail to engage many individuals
who are not ready or willing to stop using substances entirely
(Paquette, 2022). Recognizing that addiction is a chronic
condition rather than a binary state, incorporating non-
abstinence strategies can increase treatment engagement,
retention, and effectiveness by aligning with patients’ goals
and focusing on alternative endpoints, such as reduced use
and improved quality of life, rather than strict abstinence.
(Compton & Volkow, 2024; Volkow, 2020)

The objective of this study is to assess the effects of soy
1soflavones in patients with cocaine use disorder.

Material and method

Ethics Approval

The study protocol was approved by the local Human
Research Ethics Committee (CEIC-Parc de Salut Mar,
ref. 2014/5580) and conducted in accordance with
the Declaration of Helsinki (Fortaleza, 2013) and local
legislation (Biomedical Research Law, 2008).

Study Design

An open-label, single-center, clinical trial was carried out
during 12 weeks of treatment and 4 weeks follow-up. All
the participants were informed about the study and signed
a written consent before taking part. Subjects participated
in a financial incentive program to facilitate retention and
adherence. All the participants received the same treatment
and dose of soy isoflavone extracts (two capsules/12h, see
section Soy Isoflavone Extract). The principal study variable
was to assess cocaine use days from 10 to 12 weeks of the
treatment period. This was measured by the percentage
of cocaine use days self-reported by the subjects and
confirmed by the detection of urine cocaine metabolites
(benzoylecgonine and ecgonine methyl ester). The secondary
variables included the mean percentage of negative urine
samples for the cocaine metabolites from all the scheduled
urine samples from 5 to 12 weeks of the treatment period,
retention to treatment, adherence to treatment, reduction in
craving and severity of cocaine substance use, and quality
of life (see Clinical Evaluation Instruments).

Soy Isoflavone Extract

A commercially available soy extract product (Super-
Absorbable Soy Isoflavones®, hard gelatine capsules,
Life-Extension, US) was used. Preparation was previously
selected after pharmacokinetic (Rodriguez-Moraté et al.,
2015) and safety studies (Martinez-Riera et al., 2019). Each
capsule, according to the manufacturer, was composed of
54mg of total isoflavones (22mg daidzin-daidzein, 28mg
genistin-genistein, and 4mg glycitin-glycitein). The dose

administered (four capsules/day, two in the morning and
two at night), was adjusted to give a total daidzein/daidzein
content of approximately 88mg. It was selected so as to be
double that recommended as herbal medicine for asthma
therapy (Smith et al., 2015), and similar or double doses for
menopausal symptoms (according to the technical sheet of
the product and others on the market) (Carmignani et al.,
2010; Khaodhiar et al., 2008; Rebcack et al., 2004; RxList,
2022; Yang et al., 2012) and knowing the safety of these
doses from previous studies (Martinez-Riera et al., 2019).

Subjects

Participants, eight men and one woman, from the
Outpatient Treatment Center of Substance Use, Institut
de Neuropsiquiatria 1 Addiccions, Parc de Salut Mar from
Barcelona, Spain, with a cocaine use disorder were recruited
according to DSM-5 (American Psychiatric Association,
2013) guidelines. They met the following inclusion criteria:
(1) aged = 18 years and< 60 years; (i1) seeking treatment for
cocaine use disorder; (iii) having at least one positive urine
sample in the two weeks prior to commencement of the
study sessions; and (iv) women with reproductive potential
taking contraceptives. Exclusion criteria were: (i) presenting
an active substance use disorder (DSM 5) other than
cocaine in the previous year except tobacco, cannabis and
alcohol without severe symptoms of physical withdrawal;
(i) having been in treatment with a substitutive opioid
(methadone, buprenorphine) in the previous 2 months; (i)
presenting a neurologic or severe psychiatric illness that
could interfere with the development of the study; (iv) any
serious medical conditions that could interfere with the
safety of the subjects or the development of the study; (v)
HIV, hepatitis, active syphilis, tuberculosis; (vi) being under a
compulsory treatment; (vit) personal history of endometrial
or breast cancer or other hormone-dependent cancer; (viii)
hypersensitivity to soy derivatives; (ix) under treatment
with soy derivatives for another reason; (x) to have been/
or be under treatment with drugs that could have adverse
symptoms interacting with isofla-vones or could interfere
with the study results; and (xi) to be pregnant o lactating;

Clinical Assessment
Sociodemographic data, and previous history of medical
and psychiatric illnesses were collected.

Cocaine Use Days
To assess the cocaine use days the Substance Use Report/
Inventory (SUR) (Weiss et al., 1995) was used. This is a self-
reported questionnaire with a daily calendar that measures
recent use of drugs, dose, and route of administration. Less
than 20% self-reported cocaine use days was considered a
promising result.

Urine samples were collected three times a week to
quantify concentrations of urine metabolites of cocaine.

ADICCIONES, 2025 - VOL. 37 N. 4

313



Soy isoflavones for the treatment of cocaine use disorder: An open-label pilot study

Cocaine non-use values were benzoylecgonine<150ng/
ml and ecgonine methyl ester<15ng/ml. Less than 20%
positive urine samples were considered a promising result.

Retention and Adherence to Treatment

Retention was measured by the number of subjects who
finished the study. Adherence to treatment was assessed
by the determination in urine of daidzein, genistein,
and the endogenous metabolite equol through liquid
chromatography coupled to tandem mass spectrometry
(LG/MS/MS) using a validated method (Rodriguez-Morat6

et al., 2015). Samples were collected three times a week.

Clinical Evaluation Instruments

Psychiatric diagnosis was performed with the Spanish
Version of the Psychiatric Research Interview for
Substance and Mental Disorders IV (PRISM-IV) (Torrens
et al., 2004). This is a semi-structured interview designed
to evaluate current and life-long disorders of DSM-IV-TR
(American Psychiatric Association, 2000).

In addition, the following instruments in their validated
Spanish versions were administered:

- Clinical Global Impression (CGI) (Guy, 1976), a hetero-
applied scale composed of two sub-scales CGI-S
(measures disorder severity) and CGI-I (measures
disorder improvement during the consultations).
Each is composed of a unique item scored with a
Likert-type scale response format. A GGI-S score of
0 represents non-evaluated, and then ranges from 1
“healthy subject” to 7 “extremely ill subject”; a CGI-I
score of 0 represents non-evaluated, and then ranges
from 1%significant improvement” to 7 “most severe
deterioration”.

- Addiction Severity Index Lite (ASI-lite) (Cacciola
et al.,, 2007), a semi-structured interview which is
the shortened version of the Addiction Severity
Index (ASI). It evaluates addiction severity in several
areas: medical, psychological, family/social, legal,
employment, use of drugs, and use of alcohol.
Lifetime information and data within the previous 30
days are obtained. The scores for each area are from
0 to 1, the higher is the score, the greater the severity
of use disorder.

- Severity Dependence Scale (SDS) (Gonzalez-Saiz et
al., 2008), a self-applied instrument that measures
addiction severity with five items rated with a Likert-
type scale from 0 to 3. The global score 1s the sum of
the scores in every item. The higher the punctuation,
the greater the severity of use disorder.

- Cocaine Selective Severity Assessment (GSSA)
(Kampman et al., 1998, Pérez de los Cobos et al.,
2014), a hetero-applied scale that specifically measures
severity of cocaine substance use. It is composed of
eighteen items about symptoms that usually appear

when cocaine consumption suddenly ceases (e.g.,
craving, depressive symptoms, changes in appetite,
sleep disorders, lethargy, and bradycardia). Each item
is graded with a Likert-type scale from 0 to 7. The
global punctuation is the sum of the scores in every
item. The higher the punctuation, the greater the
severity of use disorder.

- Brief Substance Craving Scale (BSCS) (Somoza et al.,
1995), a self-applied scale that measures the intensity
and frequency of the craving for cocaine and other
substances in the previous twenty-four hours. There
are sixteen items scored with a Likert-type scale from
0 to 4. The global score is the sum of the scores in
every item. The higher the punctuation, the greater
the severity of use disorder.

- SF-36 Health Survey (SF-36) (Alonso et al., 1995),
a self-applied scale that assess quality of life related
to health. It measures eight dimensions (physical
function, physical role, body pain, general health,
vitality, social function, emotional role, and mental
health) with a rating from 0 to 100. The higher the
score, the better the level of health.

- Revised Clinical Institute Withdrawal Assessment
for Alcohol Scale (CIWA-Ar) (Sullivan et al., 1989),
a hetero-applied scale that measures the severity
of alcohol abstinence syndrome. It has ten items
punctuated with a Likert-type scale from 0 to 7 with
the exception of one item “orientation and clouding
of sensortum”, which is scored from 0 to 4. The global
punctuation is the sum of the scores in every item. The
higher the score, the greater the severity of abstinence.

- HIV Risk-Taking Behaviour Scale (HRBS) (Darke
et al., 1991), a hetero-applied scale that evaluates the
use of intravenous drugs and sexual risk behaviours.
There are eleven items scored with a Likert-type scale
from O to 5. The higher the score the greater the
degree of risk-taking.

- Hamilton Rating Scale for Depression (HAM-D)
(Bobes et al., 2003), a hetero-applied scale measuring
the patient’s subjective level of depression with twenty
one symptoms. The global score is the sum of the
scores for each item. The higher the punctuation, the
greater the severity of depression.

- Columbia Suicide Severity Rating Scale (C-SSRYS)
(Al-Halabi et al., 2016), a semi-structured scale for the
assessment of the intensity of suicide risk. It measures
four constructs: severity of ideation, intensity of
ideation, behaviour, and lethality.

Procedure

During the screening session, the participants underwent a
general physical examination, a 12-lead electrocardiogram,
a complete blood and urine analysis (including drugs of
abuse), and a pregnancy test in the case of women. In
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addition, the following scales were administered: PRISM,
SUR, SDS, CSSA, BSCS, CIWA-Ar, HAM-D, and C-SSRS.

The subjects underwent 12 weeks of treatment and 4
weeks of follow-up. Urine samples were collected three
times a week during the study. Blood samples at weeks 6,
12, and 16, pregnancy test at baseline, 6, and 12 weeks,
and a 12-lead ECG at 12 weeks were carried out. CGI,
SUR, SDS, CSSA, BSCS and the assessment of possible
adverse effects, were collected at baseline, 2, 4, 6, 8, 10,
12, and 16 weeks. The ASI-Lite scale was performed at
baseline and 12 weeks. SF-36 and HRBS were evaluated
at baseline, 12, and 16 weeks. C-SSRS and HAM-D scales

were administered at baseline, 4, 8, 12, and 16 weeks.

Statistical Analysis

A description of all the variables of interest was carried out
using descriptive statistics (percentages, frequencies, and
measures of central tendency and dispersion). An intent-to-
treat population (I'TT) analysis was performed to examine the
outcomes. Inferential statistics was carried out to assess the
cocaine use days self-reported less or more than 20% from 10
to 12 weeks with the chi-squared test, and to check absolute
score changes for the Clinical Evaluation Instruments during
the study weeks for ASI-lite from baseline to 12 weeks by
the paired sample T-test. A One factor repeated measures
ANOVA (factor time) was used for CGI, SDS, CGSSA,
BSCS, SF-36 Health Survey, HRBS, HAM-D and C-SSRS
including baseline, 12 weeks and 16 weeks results. When
significant, a Tukey post-hoc multiple comparison analysis
was performed to compare baseline-12 weeks, baseline-16
weeks, and 12-16 weeks All the statistical tests were
performed using SPSS Statistics 23.0 (SPSS, Chicago, IL,
United States). A value of p<0.05 was considered statistically

Table 1

Sociodemographic and Clinical Characteristics of the Sample (N = 9)

significant for chi-squared test, paired sample T-test and for
One factor repeated measures ANOVA. Sample size was
calculated to evaluate a clinical efficacy equal to or greater
than 20% using the Gehan method for phase II clinical trials
(9-11 subjects was recommended) (Machin et al., 2009).

Results

Sociodemographic Characteristics

Nine subjects were recruited (eight men and one woman)
with a mean age of 48%9.27 years. Mean weight was
84.1+16.19 kg and body mass index 27.3+4.4. Six (66.7%)
subjects were married, four (44.4%) had primary school
studies, five (55.6%) high school diplomas or higher, and
four (44.4%) were employed at the moment of conducting
the study (Table 1).

Clinical Characteristics
All the participants suffered severe cocaine use disorder
according to DSM-5 criteria. Mean age of onset of the
disorder was 30.44+9.28 years. Of the nine participants,
six (66.7%) had a previous history of substance use disorder
treatment. Four (44.4%) subjects had a prior history of
alcohol use disorder before the previous year and one
(11.1%) in the previous year. One participant (11.1%) had
a prior history of cannabis use disorder before the previous
year and one (11.1%) in the previous year. One subject
(11.1%) had prior history of opioid use disorder but not
in the previous year. Seven of them (77.8%) had familiar
history of substance use disorders (Table 1).

The results of the PRISM interview showed that four
(44.4%) were diagnosed with an affective disorder in
remission.

Characteristic

Mean (SD) or n (%)

Sociodemographic Characteristics
Gender (men/women)

8(88.9%) /1 (11.1%)

Age, M (SD), years 48 (9.27)
Weight, M (SD), kg 84.1(16.19)
Body mass index, M (SD), kg/m?2 27.3(4.4)
Marital status (married) 6 (66.7%)
Education — Primary education 4 (44.4%)
Education — High school diploma or higher 5 (55.6%)
Employment status (employed) 4 (44.4%)
Clinical Characteristics

Cocaine use disorder (DSM-5, severe) 9 (100%)
Age of onset, M (SD), years 30.44 (9.28)
Previous treatment for substance use disorder 6 (66.7%)
Alcohol use disorder — Prior to the previous year 4 (44.4%)
Alcohol use disorder — In the previous year 1(11.1%)
Cannabis use disorder — Prior to the previous year 1(11.1%)
Cannabis use disorder — In the previous year 1(11.1%)
Opioid use disorder — Prior to the previous year 1(11.1%)
Family history of substance use disorders 7 (77.8%)

Note. M = mean; SD = standard deviation. Percentages are calculated over N =9.
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Cocaine Use Days, Retention and Adherence to
treatment

Cocaine Use Days

With respect to self-reported cocaine use, from 10 to
12 weeks three subjects (33.3%) reported a cocaine
consumption of less than 20% (80% non-use days), and
two (22.2%) from baseline, findings, however, that were
non-significant. None of the participants showed less than
20% positive urine analysis from 10 to 12 weeks. The
mean percentage of negative urine samples for the cocaine
metabolites from all the scheduled urine samples from 5 to
12 weeks of the treatment period was 15.8%.

Retention and Adherence to Treatment

A total of seven (77.8%) subjects completed the 16 weeks
of the study. One (11.1%) completed 12 weeks, and
another (11.1%) dropped out during the 4 weeks of the
study. According to the urine quantitative analysis of the
1soflavones, eight (88.9%) participants followed the treatment
during the study, and only one (11.1%) did not (isoflavone
concentrations in urine were below detection limit).

Other Outcomes

Clinical Global Impression (CGl)
No differences were found throughout the study for each
participant regarding score changes in the CGI scale, both

Table 2
Absolute Scores for the Clinical Evaluation Instruments (n = 9)

in the severity assessment subscale (CGI-S) and in the
improvement assessment one (CGI-I) (Table 2).

Addiction Severity Index Lite (ASI-lite)
No differences were observed during the study weeks in the
scores of the 7 areas evaluated by the ASI-Lite scale.

Severity Dependence Scale (SDS)
The SDS score showed a significant decrease between

baseline to 12 weeks, baseline to 16 weeks and 12 to 16
weeks (Table 2).

Cocaine Selective Severity Assessment (CSSA)
Values in the CSSA decreased but were not significant
(Table 2).

Brief Substance Craving Scale (BSCS)
Values in the BSCS scale decreased but were not significant

(Table 2).

SF-36 Health Survey (SF-36)

In the case of the SF-36 questionnaire, increases in the scores
were observed in some areas. The areas physical function,
physical role, general health, vitality, emotional role and
mental health increased their scores but not significantly.
Body pain scores decreased from baseline to 12 weeks but
not significantly, from baseline to 16 weeks the decrease was
statistically significant but increased the scores from 12 to

Scale Baseline, M (SD) 12 weeks, M (SD) 16 weeks, M (SD) ANOVA-1F p value Group differences*
cal
CGI-S 2.78 (1.64) 2.89 (1.45) 3.33(1.50) 0.429 NS
CGl-l 3.78 (0.67) 3.67 (2) 3.33(1.41) 0.415 NS
SDS 12.11(3.92) 8.11(4.99) 6.33(3.74) <0.001 a, B, c
CSSA 26.56 (1.93) 25.56 (25.42) 24.78 (17.23) 0.902 NS
BSCS 9.00 (3.50) 7.11(4.70) 6.56 (3.64) 0.128 NS
SF-36
Physical Function 92.78 (8.33) 93.33(7.91) 96.11 (6.01) 0.132 NS
Physical Role 71.52(36.39) 72.92 (27.60) 82.64 (22.05) 0.132 NS
Body Pain 80(19.87) 67.78 (31.77) 70.11 (26.79) 0.001 NS, b, C
General Health 54.44 (20.47) 60.78 (21.02) 69.33(18.75) 0.220 NS
Vitality 41.66 (18.22) 52.77 (21.45) 57.64 (21.60) 0.266 NS
Social Function 63.89 (15.86) 66.67 (26.52) 70.83 (25) 0.001 A, b, NS
Emotional Role 60.18 (39.48) 60.18 (32.21) 63.89(31.73) 0.584 NS
Mental Health 47.78 (20.93) 56.11 (22.88) 61.11(19.65) 0.16 NS
HRBS 3(5.24) 1.67 (2.45) 1.78 (2.95) 0.696 NS
HAM-D 3.44(3.61) 5.78 (5.93) 3.11(3.51) 0.24 NS
C-SSRS 0 1.22(3.67) 1.22(3.67) 0.29 NS

Note. M = mean; SD = standard deviation.

Note. CGI = Clinical Global Impression; CGI-S (measures disorder severity) and CGl-I (measures disorder improvement during the consultations); SDS = Severity De-
pendence Scale; CSSA = Cocaine Selective Severity Assessment; BSCS = Brief Substance Craving Scale; SF-36 = SF-36 Health Survey; HRBS = HIV Risk-Taking Behaviour

Scale; C-SSRS = Columbia Suicide Severity Rating Scale.

Note. ANOVA-1F = Repeated measures one factor analysis of variance (time). NS = not-significant differences.
Note. Tukey post-hoc test statistical significant differences (p < .05) between conditions are indicated as “a” (baseline-12 weeks), “b” (baseline-16 weeks), “c’ (12 wee-
ks—16 weeks). Tukey post-hoc test statistical significant differences (p <.01) are indicated as “A” (baseline-12 weeks), “B" (baseline-16 weeks), “C" (12 weeks-16 weeks).
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16 weeks significantly. The social function area improved
its scores from baseline to 12 weeks and from baseline to 16
weeks significantly, and between 12 to 16 the increased was
not statistically significant (Table 2).

Other Psychiatric Sales
During the screening session and throughout the study,
none of the participants presented significant changes in the
scores for the HRBS, HAM-D, and C-SSRS. During the
screening session participants presented values of CIWA-Ar
according with the inclusion criteria.

No serious adverse side effects were observed throughout
the study.

Discussion

Our findings do not allow a conclusive statement about
the possible efficacy of soy isoflavones as a treatment of
cocaine use disorder, because the main outcome of self-
reported reduction in cocaine use is not significant and not
confirmed by urine probes as objective measures and other
outcomes are not significant. Nevertheless, our results show
that soy isoflavone treatment could produce a reduction
of self-reported cocaine use days, although the increase
in the number of patients who reported a consumption of
cocaine less than 20% was not significant and it was not
possible, however, to confirm this decrease by the detection
of urine metabolites of cocaine. The intervention improved
retention, resulted in adequate adherence, reduced severity
of cocaine use, and augmented participants’ quality of life.

The percentage of positive urine analyses for cocaine
metabolites we observed is similar to other authors
regarding the treatment of cocaine use disorder. A recent
study in cocaine and opioid co-dependent patients reported
a significant reduction of cocaine positive urine during
12 weeks of treatment with disulfiram versus placebo
from 79% at study week 1-2 to 63% at study week 11-12
(Kampangkaew et al., 2019). The percentage of positives
at cessation of the study was not, however, less than 20% (a
value that is considered a positive outcome in our study), as
we reported from weeks 10 to 12. Nevertheless, it should be
highlighted that, according to the self-registration of daily
consumption, in our study three subjects (33.3%) reported
a consumption of less than 20% between weeks 10 and
12, and two from baseline, although the difference was not
significant. Considering that the participants were patients
presenting a serious disorder such an outcome could be an
indicator of the reduction of frequency of cocaine use. A
possible reason for this not being corroborated by urine
analysis could be due to the fact it was performed three
times a week. Taking into account the elimination half-life
of cocaine metabolites (6-8 hours for benzoylecgonine and
3-8 hours for ecgonine methyl ester) (Farré etal., 1997), some

self-reported non-use days could have resulted positive. In
addition, missing urine analyses were considered positive.

Considering that all the participants were affected by
a serious cocaine use disorder, the retention rates to soy
isoflavone treatment were very positive. Seven subjects
(77.8%) completed the study at 16 weeks and one (11.1%)
dropped out at 12 weeks. A higher figure than that found
in the literature which usually cites treatment retention
rates for cocaine use disorder at 50% (Stotts et al., 2007).
Analysis of urine concentrations of daidzein, genistein,
and equol also provided positive results regarding good
adherence to soy isoflavone treatment. Eight (88.9%) of the
participants followed correct intake. The good tolerance of
soy isoflavones throughout the study weeks supports high
rates of adherence to treatment.

We observed relevant outcomes indicating that soy
isoflavone treatment reduces the severity and craving
of cocaine use, as previously indicated in animal studies
(Martin et al., 2021; Yao et al., 2010). A significant
reduction of the SDS scale scores throughout the study
weeks, and a decrease of the scores of the BSCS and CSSA
scales, although without achieving significant changes,
were found. Previous reports with antipsychotic treatment
for cocaine use disorder did not describe a reduction
in cocaine use severity with the ASI-lite and CGI scales
(Alvarez et al., 2013) as we found in our study. They did
not, however, employ other specific scales such as the SDS,
CSSA, and BSCS.

Promising data showing an improvement in specific areas
of the SF-36 questionnaire (body pain, social function) were
observed. Moreover, increases in other areas, even though
not statistically significant, reinforce the possible use of soy
1soflavone treatment for cocaine use disorder.

Several studies with animals, have suggested that
isoflavones have antidepressant-like effects through the
regulation of the transcription of BDNF in the brain (Lu
et al., 2019; Tantipongpiradet et al., 2019). Other studies
in animals suggest that BDNF has an important role for
the cocaine use disorder, attenuating relapse for cocaine
seeking for a long time (Li & Wolf, 2015; McGinty, 2022).
These could be another hypothesis to explain the possible
effects of the isoflavones for the cocaine use disorder.

Limitations

Some positive outcomes were found in this trial; nevertheless,
there are a few limitations. The most important is the fact
that it is an open-label pilot study, and the sample was
small, wich limits statistical power and generalizability.
The lack of previous studies in humans led us to carry out
this pilot study to evaluate possible hypotheses about the
use of soy isoflavones for cocaine use disorder. In order
to enable a conclusive evaluation of the efficacy of soy
1soflavones and considering that in this trial only three
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parameters showed significant improvements, a greater
sample has to be investigated and compared to a control
condition. Although according to the elimination half-life
of cocaine metabolites, urine analyses were conducted only
three times per week, could be a possibility some missing
use days. The isoflavone doses were in accordance with
those usually recommended for menopausal climacteric
symptoms. We are unaware whether higher ones could
provide better results. Neither do we know the possible
effect of the isoflavones (daidzein and genistein) when
taken separately as we used a compound containing them
in a fixed combination. Altough patients were advised to
avoid soy products, there was no formal control for soy-
based nutrition, otherwise, at the baseline, seven (77.8%) of
them referred never taking and two (22.2%) not to taking
soy derivatives usually. Also, it was an exclusion criterion to
be under treatment with soy derivatives for another reason.
As only one woman participated in the study, possible
differences between genders could not be assessed.

Conclusions

Our preliminary results suggest the possible action of
soy isoflavone treatment in reducing cocaine use days.
According to our results, three subjects (33.3%) reported
a cocaine consumption less than 20% during the period
from 10 to 12 weeks of treatment. This is even though
complete abstinence was not observed by urine analysis.
Data also suggest that soy isoflavone treatment could
improve treatment retention, reduce the severity of
cocaine use disorder, and improve patients’ quality of life.
Soy isoflavones were well tolerated and good adherence
was observed. Based on these results, placebo-controlled
studies with adequate sample size are needed to evaluate
whether soy isoflavones can be effective in treating cocaine
use disorder. Finally, based on our results and emerging
perspectives in the treatment of substance use disorders,
future research should consider non-abstinence-based
strategies as a therapeutic goal. These should focus on
improving treatment retention, reducing the severity of
cocaine use disorder, and enhancing patients’ quality of life.
This study represents a pioneering step in the exploration
of alternative treatments for cocaine use disorder. Given
the current lack of effective therapeutic options for this
condition, it is particularly relevant to further investigate
the potential effects of isoflavones in this context.
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