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APRESENTACAO

O presente trabalho foi desenvolvido para contribuir com conhecimento sobre os efeitos
das drogas de abuso. O trabalho foi motivado inicialmente a partir de pesquisas clinicas
desenvolvidas no nosso laboratdrio nas quais surgiram diversos questionamentos. A construgdo
desse trabalho auxiliou no desenvolvimento dessas pesquisas e acreditamos que contribuird
para incrementar em futuros trabalhos da area.

O conteudo do trabalho foi dividido em dois artigos de revisao sistematica, o0 primeiro
aborda as consequéncias maternais, fetais e neonatais relacionadas ao uso de crack durante o
periodo gestacional. E uma revisdo realizada a partir de estudos observacionais. O segundo
artigo aborda as alteracGes encontradas no modelo de Drosophila melanogaster quando

submetida ao tabaco, maconha ou cocaina.



RESUMO - ARTIGO 1

O consumo de crack ¢ um dos principais desafios de saude publica com um niimero crescente
de criangas intoxicadas por crack durante o periodo gestacional. O objetivo principal deste
trabalho foi avaliar os achados acumulados e fornecer uma perspectiva atualizada sobre este
campo de pesquisa. Uma revisao sistematica com metanalise foi realizada usando o modelo de
efeitos aleatorios, razdo de chances (odds ratio) para varidveis categoricas e diferenca média
para variaveis continuas. A heterogeneidade estatistica foi avaliada usando a estatistica I-
quadrado e o risco de viés foi avaliado por meio da Escala de Avaliagdo de Qualidade de
Newcastle—Ottawa. Dez estudos preencheram os critérios de elegibilidade e foram usados para
extra¢do de dados. O uso de crack durante a gravidez foi associado a chances significativamente
maiores de parto prematuro (OR, 2,22; IC 95% , 1,59-3,10), descolamento prematuro de
placenta (OR, 2,03; IC 95% 1,66-2,48), menor perimetro cefalico (—1,65 cm; IC 95% —3,12 a
—0,19), PIG (pequeno para a idade gestacional) (OR, 4,00; IC 95% 1,74-9,18) e baixo peso ao
nascer (BPN) (OR, 2,80; IC 95% 2,39-3,27). Esta andlise forneceu evidéncias claras de que o
crack contribui para resultados perinatais adversos. A exposi¢ao de crack no periodo pré-natal
estd associada ao BPN, parto prematuro, descolamento placentario e menor circunferéncia de
cabeca.

Palavras-chave: Peso ao Nascer. -Crack. - Idade Gestacional. - Gravidez. - Prematuridade
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1 INTRODUCAO

As drogas psicoativas sao substancias que, quando em contato com o organismo,
interagem com o sistema nervoso central afetando os processos mentais, como a percepgao,
consciéncia, cogni¢do ou humor e emogdes (WORLD HEALTH ORGANIZATION, 2022).
Entre as substancias mais consumidas estdo a maconha, tabaco, cocaina e crack (BASTOS,
2017; INCA, 2022). De acordo com as ultimas estimativas, ha aproximadamente 20 milhdes de
usuarios de cocaina em todo o mundo (UNITED NATIONS OFFICE ON DRUGS AND
CRIME, 2021). No Brasil, 3,9% da populagdo j4 consumiu cocaina pelo menos uma vez na
vida e cerca de 1,5% ja usou crack (ABDALLA et al., 2014). As mulheres representam 21,3%
dos usuarios de crack em éreas de uso de drogas (MEDEIROS; MACIEL; SOUSA, 2017).

A cocaina ¢ extraida das folhas da planta de coca. A substancia € refinada em uma pasta
e depois processada em uma substincia em pd branca. A substancia em pod ¢ mais
frequentemente aspirada, misturada com um liquido e injetada ou fumada. J4 o crack, ¢
essencialmente a mesma substancia que a cocaina, porém em uma forma sélida (pedra), o que
o torna mais passivel de ser fumado. O processo de fabricagdo do crack envolve misturar a
forma em pd da cocaina com alguma base, como bicarbonato de s6dio ou outra substancia,
fervé-la em 4gua e, em seguida, remover o bicarbonato de sédio (HATSUKAMI; FISCHMAN,
1996).

A substéncia éster metilico de anidroecgonina (AEME) ¢ um composto exclusivamente
gerado na pirolise do crack e tem sido associado ao maior efeito neurotdxico quando comparado
a cocaina (GOMES et al., 2018). Além disso, durante a gravidez, essa droga atravessa
facilmente a placenta (BELL; LAU, 1995; GANAPATHY, 2011) contribuindo para um
fendmeno importante: o aumento do nimero de criangas (crack babies) intoxicadas por crack
durante a gestagao (DUAILIBI; RIBEIRO; LARANIJEIRA, 2008). O uso de crack na gravidez
acarreta em prematuridade, malformagao congénita, internagao em unidade de terapia intensiva,
uso de cuidados e tecnologias de alimentacdo por meio de formulas lacteas artificiais
(MODERNEL XAVIER et al., 2017). Uma metanalise do nosso grupo (parte deste trabalho de
doutorado) realizada a partir de estudos observacionais em humanos, identificou que a
exposicao materna ao crack esta relacionada ao baixo peso ao nascer, parto prematuro,
descolamento prematuro de placenta e menor perimetro cefalico (DOS SANTOS et al., 2018).
Dados do nosso grupo, demonstram ainda que o uso de crack no periodo gestacional leva a

comportamentos depressivos € ansiosos, comprometimento da memoria e aumento da
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suscetibilidade a convulsdes na prole de ratos (PACHECO et al., 2021).

A literatura sugere que o uso de crack é fator que contribui para a troca de sexo por
drogas ou dinheiro aumentando os riscos para as Infecgdes Sexualmente Transmissiveis (ISTs)
entre as mulheres (LOGAN; LEUKEFELD; FARABEE, 1998). Além disso, o uso de crack
entre mulheres em idade reprodutiva aumentou em poucos anos (BLAYAC et al., 2022),
incluindo o poliuso de drogas (ENGLAND et al., 2020). O abuso de drogas durante a gravidez
pode afetar a saide da mulher, interferindo em sua capacidade de cuidar de si e, portanto,
prejudicando a realizacao do pré-natal (BOTELHO; ROCHA; MELO, 2013; NARKOWICZ et
al., 2013; SILVA et al., 2013). E as mulheres usuarias de drogas ainda sdo percebidas pela
populacdo e pelos profissionais de saide como irresponsaveis, criminosas e profissionais do
sexo (CRUZ et al., 2014). Dessa forma, varios fatores contribuem para desfechos negativos
para a mae e ou o feto.

Nesse contexto, 0 nosso objetivo foi descrever, a partir de dados elencados na literatura,
as consequéncias maternais, fetais e neonatais associadas ao uso do crack durante o periodo

gestacional. Este estudo foi publicado na “Archives of Gynecology and Obstetrics”.
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Abstract

Objective. Crack cocaine consumption is one of the main public health challenges with a
growing number of children intoxicated by crack cocaine during the gestational period. The
primary goal is to evaluate the accumulating findings and to provide an updated perspective on
this field of research. Methods. Meta-analyses were performed using the random effects model,
odds ratio (OR) for categorical variables and mean difference for continuous variables.
Statistical heterogeneity was assessed using the I-squared statistic and the risk of bias was
assessed using the Newcastle—Ottawa Quality Assessment Scale. Ten studies met eligibility
criteria and were used for data extraction. Results. The crack cocaine use during pregnancy was
associated with significantly higher odds of preterm delivery (OR, 2.22; 95% CI, 1.59-3.10),
placental displacement (OR, 2.03; 95% CI 1.66-2.48), reduced head circumference (—1.65 cm;
95% CI —3.12 to —0.19), small for gestational age (SGA) (OR, 4.00; 95% CI 1.74-9.18) and
low birth weight (LBW) (OR, 2.80; 95% CI 2.39-3.27). Conclusion. This analysis provides
clear evidence that crack cocaine contributes to adverse perinatal outcomes. The exposure of
maternal or prenatal crack cocaine is pointedly linked to LBW, preterm delivery, placental

displacement and smaller head circumference.

Keywords. Birth weight. Crack cocaine. Gestational age. Pregnancy. Prematurity
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1 INTRODUCTION

The consumption of psychotropic substances has been increased substantially with the
development of new forms of use and compositions. Crack cocaine is a smoked form of cocaine
which has several psychotropic and neurotoxic effects, potentialized by products generated
from cocaine pyrolysis [1]. Its consumption leads to short-duration euphoria as a consequence
of high bioavailability and rapid metabolism, followed by intense craving [2]. In consequence,
crack cocaine users are inclined to violent behavior and promiscuity to acquire the drug,
increasing the risk of sexually transmitted disease’s contamination [3—6]. Of particular interest
is the consumption of cocaine and derivatives during pregnancy, which has lead to an increasing
number of children intoxicated by crack, identified in the literature as “crack babies” [7]. In
fact, cocaine and crack cocaine cross the placental barrier [8, 9] and promote prolonged effects
on the pregnant woman, as well as the embryo or fetus. The net result is aggravated because, in
the gestational period, the drug metabolism is delayed due to decreased expression of plasma
and hepatic cholinesterases [10]. Aghamohammadi and Zafari [11] For instance, pregnancies in
crack users are associated with higher incidence of fetuses with intrauterine growth restriction,
preterm births, placental abruption, and preeclampsia. Children born to crack users exhibit
cognitive deficits, difficulty in verbalization, aggressiveness as well as depression [12].
Although the biological mechanisms underlying these alterations are unclear, there are studies
which suggest that crack cocaine acts on both the maternal and fetus central nervous system
(CNS), inhibiting dopamine, noradrenaline and serotonin reuptake at the presynaptic terminals,
and exacerbating their effects on the effector organs [8, 13]. In the fetus, the adrenergic effects
may lead to reduced placental flow, which in turn, can negatively impact fetal growth and
oxygenation [14]. Newborns of crack users may not respond organically to environmental
stimuli, in addition to commonly presenting fever, irritability, sweating, seizures, and vomiting,
which may be associated with changes in brain content of dopamine and serotonin, typifying a
withdrawal syndrome [8, 14, 15]. The effects of cocaine derivatives on the development of the
fetus, children, adolescents, and adults are serious public health problems [16]. Furthermore,
despite the growing number of publications, translational research focused on clinical treatment
in this field is limited. In this systematic review, we provide a critical appraisal of the current
information and evaluate by meta-analysis the findings on maternal, fetal and neonatal

consequences caused by crack cocaine exposure during pregnancy.
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2 METHODS

The study was performed following the guidelines of the “Preferred Reporting Items for
Systematic Reviews and Meta-Analyses” (PRISMA Statement) [17]. The execution was
developed in accordance with the recommendations of the Moose Group (MOOSE Guidelines)
[18]. The protocols were registered on International Prospective Register of Systematic
Reviews  (PROSPERO; n°  CRD42017052277), and it is available on
https://www.crd.york.ac.uk/PROSPERO/ display record.asp?ID=CRD42017052277. The
search strategy aimed to identify observational (retrospective and prospective) and case-control
studies evaluating the maternal, fetal and neonatal consequences of crack cocaine exposure
during the gestational period. Articles published from the starting date of each database to
January 2017 were included. No language restriction was applied. Databases searched included
PubMed (from 1960 to January 2017), EMBASE (from 1947 to January 2017), LILACS (from
1982 to January 2017), CINAHL (from 1984 to January 2017), Science Direct (from 1997 to
January 2017), Google Scholar (from 2004 to January 2017), SIGLE (from 2007 to January
2017), Greylit (from 1999 to 2016) and ISI Web of Science (from 1900 to January 2017). The
search procedure was performed from 16 January to 01 March 2017. A search strategy was
performed using a combination of “pregnancy” and “street drugs” or “drugs of abuse” keywords
(MeSH) was used. We did not use filters. The search strategies are shown in Table 1. In the first
stage, the searches were conducted by two independent investigators, and their results were
compared. Two reviewers (J.F.S. and C.M.B.C.) independently read all titles and abstracts. At
a second stage, the reviewers read full-length manuscripts and reached consensus about their
inclusion. The articles that met all the established criteria were included. The criteria for
inclusion of articles required that pregnant women exposed to crack cocaine during pregnancy,
and fetus or newborn was delivered by exposed mothers. Polydrug usage was not considered
as an exclusion criterion since abuse of several drugs is common in cocaine users. We
considered the control group as subjects which were not exposed to crack cocaine. Only original
research from observational studies (cohort and case—control) was included. Comments, letters,
editorials, and reviews were excluded. The references of included articles were checked for

further eligible studies.
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Table 1. Search strategies for each Database

PubMed

EMBASE
LILACS
CINAHL
ScienceDirect
Google Scholar
SIGLE

Greylit

ISI Web of Science

(("street drugs"[MeSH Terms] OR ("street"[All Fields] AND "drugs"[All Fields]) OR "street drugs"[All
Fields] OR ("drugs"[All Fields] AND "abuse"[All Fields]) OR "drugs of abuse"[All Fields]) AND
("pregnancy"[MeSH Terms] OR "pregnancy"[All Fields]) NOT (("animals"[MeSH Terms:noexp] OR
animal[All Fields]) AND study[All Fields]))

‘crack cocaine'/exp OR 'drugs of abuse'/exp OR 'street drugs'/exp AND 'pregnancy'/exp
Street drugs (pregnancy)

(MH "Crack cocaine+") OR (MH "street drugs+") AND (MH "Pregnancy+")
((pregnancy) and ("crack cocaine") and not ("animal study"))

pregnancy “crack cocaine”

drugs of abuse

street drugs

(("street drugs") or ("drugs of abuse") AND (PREGNANCY))

The same reviewers conducted the initial data extraction independently. Studies

excluded were recorded, and the reasons for exclusion are indicated in Fig. 1. Disagreements

between reviewers were discussed in consensus meetings. General information from the studies

was collected, such as year of publication, authors, geographic region of research, objective,

study design, setting, participant sample, inclusion and exclusion criteria, data collection, data

analysis, primary results, and author’s conclusions.
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Fig. 1 Literature search flowchart
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From each included paper, predetermined lists of variables were extracted. The primary
outcomes of interest were maternal mortality, fetal mortality, intrauterine growth restriction,
placental displacement, preeclampsia and congenital malformation. The secondary outcomes
were low birth weight (<2500 g, very low birth weight 1500 g), preterm delivery (before 37
weeks), small for gestational age, head circumference, maternal and fetal length of hospital stay,
and neonatal intensive care unit. We did not find studies that investigated the effect of maternal

exposure of crack cocaine on maternal mortality, maternal and fetal length of hospital stay and
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neonatal intensive care unit.

Risk of bias was assessed using the 9-point Newcastle—Ottawa Scale (NOS). This scale
used a ‘star system’ in which a study is judged on three broad perspectives. These include the
selection of the study groups, the comparability of the groups, and the ascertainment of either
the exposure or outcome of interest for case-control or cohort studies [19]. Studies were
considered as a low risk of bias if they received seven or more stars, moderate if they received
4-6 stars, and high if they received up to three stars in the NOS quality assessment [20].

We provided a meta-analysis conducted using random effects modeling, odds ratio (OR)
for categorical variables and mean difference for continuous variables. The Mantel-Haenszel
test with a 95% confidence interval was applied. Statistical analysis was performed using
STATA 13 software for meta-regression. However, for main analysis, Review Manager fve
(RevMan fve) was used. Statistical heterogeneity was assessed using the I-squared statistic.
Statistical heterogeneity was considered as significant if [-squared was more than 50%.
Sensitivity analysis considered objective versus self-reported studies, retrospective versus
prospective studies, and studies with a minimal or low risk of bias vis-a-vis studies identified
as having a moderate or high risk of bias. Studies were considered as a low risk of bias if they
received seven stars or more in the NOS quality assessment. If more than ten studies are
included in the meta-analysis, a sensitivity analysis was conducted using meta-regression. A
forest plot was used to demonstrate our results. Begg’s funnel plot and Egger’s test were not

performed due to insufficient studies for meta-analysis.



22

3 RESULTS

Our search returned 7234 studies, being 6874 identified in database search and 360
recovered in references. 57 full-text articles were assessed for eligibility, and 47 were excluded.
Among the reasons for the exclusion were other exposures (n=40, e.g., cocaine, amphetamine,
methadone, tobacco and alcohol). Moreover, many studies were not observational (n=4, e.g.,
case reports, reviews or commentaries) and other studies had outcomes that were not of our
interest (n=3, e.g., neurocognitive and behavioral effects). Ten studies met inclusion criteria and
were included in this systematic review; however, one study was not included in the meta-
analysis (Fig. 1).

Characteristics of the ten included articles are shown in Table 2. All of them were
published in English between 1988 and 2016, being nine cohort studies and one case-control
study. The exposure was mostly based on cocaine in its smoked form as crack cocaine and the
effects were mainly ascertained through urine or meconium analysis and/or by chart review
and/or maternal interview (objective report). In three studies, the exposure was evaluated by
maternal self report. The outcome was mainly confirmed using physician examination or record

examination.



Author Year of study Type of study  Setting of study Population Exposure Outcomes Confounders Newcastle- Mainly Remarks
publication/Duration Ottawa Scale
of the study assessment assessed adjusted for Results
(How, Total of stars
when)
Cherukuri et al 1988 / jul 1986 — nov Retrospective Kings County Patient Maternal Head Intrauterine
1986 cohort with Hospital, New delivering at  self-reportat  circumference, Growth
matched York, USA. Kings delivery LBW, PTD, retardation:
controls County SGA, BW, GA crack exposed
(Maternal Hospital, on infants were
Age, parity, public 3.6 times
PNC, SES, assistance more;
race, alcohol)
Head
Circumferenc
e: crack
exposed
infants were
2.8 times
more
Chouteau et al 1988 / jan — dec 1986 Retrospective St. All pregnant Maternal LBW, PTD LBW: 43% were used
cohort with Lukes’s/Roosevel woman objective- for crack Information
unmatched t hospital Center,  admitted to report and cocaine vs about drug
New York, USA. the hospital Maternal 23% for no use in the
controls Center in urine test at users. charts, which
labor, who the time of showed that
had not admission PTD: 38% for cocaine was
received crack cocaine most
prenatal vs 19% for no commonly
care users. smoked in
freebase form
as crack.
Petitti et al 1990 / jan 1987 — dec Case-control Alameda County, Eligible Maternal <1500 grams Women were were Women were
1987 California, USA. were objective- (very low separately estimated the interviewed
study singleton report in birth weight), queried about relative risk of

by
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Bateman et al

Eyler et al

1993 / sep 1985 — aug
1986

1994 /1987 - 1988

Prospective

cohort with

unmatched
controls

Prospective
cohort with
matched
controls (race,

age, parity,

infants
without
congenital
anomalies
whose
mother and
father were
both Black
or both
‘White, non-
Hispanic,

Harlem Hospital population
in New york, consisted of
USA. all mothers
and their
live-born
singleton
infants
delivered at
Harlem
Hospital

all women
receiving
prenatal
care at the

local health

Regional tertiary
medical center,
Florida, USA.

their homes.

Maternal

self-report or

infant urine

Maternal
objective-

report or
screen urine
mothers or

1501-2500 use of cocaine
grams and <37  and of "crack"
menstrual or freebase
weeks of cocaine,
gestation (low which is the
birth weight, smoking of

pre-term), and pure
1501-2500 crystalline
grams and -37 cocaine.
menstrual Information
weeks of about other
gestation (low potential
birth weight, confounders
term, was also
intrauterine collected by
growth interview.
retarded)
GA, BW, Gestational

lenght, Head age, maternal

Circunference,  age, gravidity,
LBW, PTD, race,
adimitted Black/non-

neonatal to
intensive care

Black], sex of
infant, receipt
of prenatal
care, maternal
positive
syphilis
serology, and
use of
tobacco,
alcohol,
marijuana,
and
phencyclidine

Abruptio
placentae,
Premature

labor,
Gestational

low birth

weight in
relation to use

of cocaine

LBW:
Cocaine 30%
vs unexposed

10%,;

Preterm birth:

Cocaine 32%

vs unexposed
14%;

Birthweight:
Cocaine 2713
+ 569 vs
unexposed
3174 F 573;

Head
Circumferenc
e: Cocaine
325%224
vs unexposed
34.0 ¥ 1.81

Congenital
anomalies
7.7% vs 5.4%;
Abruptio
placenta 1.8%

interviewers
that were
trained

A group of
133 women
who

provided a
strong history
of crack
cocaine use
was

identifiable.

The
identification
of prenatal
crack cocaine
use was
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Sprauve et al

1997 / jan — dec 1992

prenatal care,
alcohol and
nicotine use)

Retrospective
cohort

Grady Memorial
Hospital, located
in Atlanta,
Georgia

department
deliver.
There are
also some
private
patients and
a few
women
presenting
at the
emergency
room in
active labor
who deliver
at the
hospital.

Inner-city,
indigent,
routine
voluntary
urine drug
screening

infants. At
the time of
delivery.

Maternal
objective-
report at
peripartum
and Maternal
urine at any
time during
pregnancy or
within 1 wk

age -< 37
weeks,
Birthweight <
2500 g,
Birthweight <
1500g, minute
Apgar <7,
Resuscitation
at delivery,
Infant
remained in
nursery or
intensive care
unit beyond
the mother's
discharge,
Congenital
anomalies,
and Perinatal
deaths

LBW, Fetal
Growth
Restriction,
preterm
delivery,
abruptio
placentae, low
S-minute
Apgar scores,
perinatal

multiple
logistic
regression
was used to
control for
potentially
confounding
variables for
alcohol,

vs 0.6%;
Gestational
age <37
weeks 43.4%
vs 31.5%;
Birthweight <
2500 g 28.0%
vs 17.9%;
Birthweight <
1500¢g 8.9%
vs 4.8%; 5-
min Apgars <
7 16% vs
9.5%;
Resuscitation
33.9% vs
18.4%;
Remained in
nursery 32.1%
vs 16.1%;
Fetal/neonatal
death 1.8% vs
4.2%

Gestational
(week) 36.6 =
5.0vs37.8+

341,

Birthweight

(g) 2704 +
742 vs 2988 +
7211; Apgar
score at 5 min
8.3+£2.01vs

85+1.09.

LBW: users
31.3% vs non-
users 14.9%;

Growth-
restricted
infants: Users
29.0% vs non-
users 13.0%;
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determined by
recorded
history in the
mother's
chart. social
workers report
that of the
women
admitting

cocaine use,

99% report

they smoke
crack.



Eyler et al

Richardson et al

1998

1999 / marc 1988 — jun
1993

prospective, Regional tertiary Women
longitudinal medical center, contacted
cohort Florida, USA. the health
care system,
either ata
prenatal
obstetric
clinic or the
hospital.
prospective, PC clinic at Women
longitudinal Magee-Womens attending
cohort with Hospital, the PC
unmatched Pittsburgh, clinic at
contols Pennsylvania Magee-
Womens

of delivery

Maternal
objective-
report at the
end of each
trimester and
drug
screening of
urine
specimens
was required
at the day
consent was
obtained and
the day the
infant was
born.

Maternal
objective-
report
antenatally

mortality,
congenital
malformations
, and cesarean
delivery rate.

LBW, PTD,
fetal mortality,
BW, GA, head
circumference,

SGA,

GA (wk),
Weight (g),
Length (cm),
Head
circumference
(cm), LBW,
SGA,
Premature

tobacco,
weight, age,
PNC, PTB

PNC

preterm
infants: Users
28.2% vs
non-users
17.1%;

abruptions:
Users 3.3% vs
non-users
1.1%;
Compared Interviewers
with controls,
the cocaine
users

had
significantly
higher Hobel
Prenatal and
Total Risk

Scores and
more preterm
infants (28 vs
14), but not a

significantly
greater
number of
fetal deaths (3
vs 1

In both
samples,
cocaine/crack

use during
early
pregnancy
predicted
reduced
gestational

age, birth
weight,
length, and

were trained.
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Behnke et al

2001 /1991 -93

prospective,
longitudinal
cohort with
controls
matched on
race, parity,
location of
prenatal care

Regional tertiary contacted
medical center, the health
Florida, USA. care system,

at either a
prenatal

clinic or the
hospital in
the case of

Maternal
objective-
report at the
end of each
trimester and
drug
screening of
urine

Birth weight, Sufficient
Length, Head sample size
circumference,  was enrolled
Anterior to
fontanel,
Posterior allow for
fontanel, Ear covariate
length Left, analyses of

head
circumference

>

after
controlling for
the significant
covariates of
cocaine

use. Ina
comparison of
the samples,
the offspring
of the

NPC/cocaine
group were
significantly
smaller than
were

the offspring
of the PC/no
cocaine

group,
whereas the

offspring of
the
PC/cocaine
and
NPC/cocaine
groups did

not differ.

There

were
significantly
more
premature
infants in the
cocaine

if prenatal
interviews
were not
possible
because of
limited or no
prenatal care,
women were
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Aghamohammad
ietal

2016 / marc 2011 — jan
2014

(that related to
level of
pregnancy
risk), and
socioeconomi
¢ status.

cohorte

no or
limited
prenatal

care.

Imam Khomeini women
hospital in Sari, enrolled for
Iran delivery in
the labor
ward of
Imam
Khomeini
hospital in
Sari

specimens at
the day
study
consent was
obtained and
the day of
delivery.

Maternal

sef-report

and urine
exams

at the time of
delivery

Right,
Palpebral
fissure width
Left, Right,
Inner canthal
distance,
Outer canthal
distance,
Philtrum,
Internipple
distance,
Clitoral width,
Clitoral
length,
Stretched
penile length

preeclampsia,
placenta
abruption,
preterm labor,
LBW and low
Apgar score
in 5 min

possibly
confounding
variables

exposed

group.
Cocaine-
exposed

infants were

significantly

smaller in
birth weight,
length, and
head
circumference

but did not
differ on
remaining
anthropometri
c

measurements

Preeclampsia
50% vs 28%;
Placenta
abruption
35% vs 14%;
Preterm labor
61% vs 18%;
Low birth
weight 55%
vs 25%; Low
Apgarin 5
min 12% vs
14%

interviewed
after birth.

80% indicated
that they used
crack cocaine.

28



29

According to the quality criteria, the NOS scores of all studies were all more than seven
stars, indicating high quality (Table 3). Moreover, the ten articles included were classified as
having a ‘low risk of bias’. In the selection domain, two studies received three stars because the
exposure assessment was not by secure record. In the comparability domain, two studies
received one star for not describing a second important factor. In the exposure domain, one

study received two stars because non-response rate was not clearly described (Table 3).

Table 3. Newcastle—Ottawa quality assessment scale

Case—control studies

Author Selection Comparability Exposure Total stars Risk of bias

Petitti et al. 1990 4 2 2 8 Low

Cohort studies

Author Selection Comparability QOutcome Total stars Risk of bias
Bateman et al. 1993 4 2 3 9 Low
Eyler et al. 1998 4 2 3 9 Low
Richardson et al. 1999 3 2 3 8 Low
Cherukuri et al. 1988 3 1 3 7 Low
Eyler et al. 1994 4 2 3 9 Low
Aghamohammadi et al. 2016 4 2 3 9 Low
Sprauve et al. 1997 4 2 3 9 Low
Behnke et al. 2001 4 2 3 9 Low
Chouteau et al. 1988 4 1 3 8 Low

We performed a meta-analysis of the observed outcomes.
Low birth weight (LBW): crack cocaine use during pregnancy was significantly
associated with LBW as compared with women who did not use crack cocaine during

pregnancy (seven studies, OR, 2.80; 95% CI 2.39-3.27; 1 2 26%) (Fig. 2).

Fig. 2 Effect of use of crack cocaine during the gestational period on low birth weight (<2500
9)

Crack cocaine No crack cocaine Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Aghamohammadi 2016 49 88 23 90 58% 3.66[1.94,6.90] s
Bateman 1993 110 361 38 387 147% 4.02[2.69,6.02) ot
Cherukuri 1988 21 55 Y/ 55 25% 4.24[1.62, 11.08] . >
Chouteau 1988 53 124 50 218 12.0% 2.51[1.56, 4.04] =
Eyler 1994 47 168 30 168 125% 1.79(1.06, 3.00] .
Richardson 1999 15 47 8 51 30% 252][0.95,6.66] T i
Sprauve 1997 151 483 470 3158 495%  2.60[2.10, 3.23] —
Total (95% Cl) 1326 4127 100.0% 2.80 [2.39, 3.27] &
Total events 446 626

01 02 05 1 2 5 10
No crack cocaine Crack cocaine

Heterogeneity: Chi* = 8.09, df =6 (P = 0.23); I = 26%
Test for overall effect: Z = 12.85 (P < 0.00001)
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Preterm delivery: when compared with non-users, crack cocaine use during pregnancy
was significantly associated with preterm delivery before 37 gestational weeks (eight studies,

OR, 2.22; 95% CI 1.59- 3.10; 1 2 72%) (Fig. 3).

Fig. 3 Effect of use of crack cocaine during the gestational period on preterm delivery (<37
weeks)

Crack cocaine  No crack cocaine Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Aghamohammadi 2016 54 88 17 90 10.8% 6.82[3.45,61347] M .
Bateman 1993 115 361 54 387 15.9% 2.88[2.01,4.14) od
Cherukuri 1988 18 55 10 55 82% 2.19[0.90, 5.31] —
Chouteau 1988 47 124 41 218 13.7%  2.64[1.60, 4.33) .
Eyler 1994 63 168 57 168 14.5% 1.77[0.75, 1.83] *
Eyler 1998 28 154 14 154 10.8% 2.22[1.12,4.41] ——
Richardson 1999 12 47 13 51 8.0% 1.00 [0.40, 2.49] *
Sprauve 1997 136 483 540 3158 18.1% 1.90 [1.53, 2.37] »
Total (95% Cl) 1480 4281 100.0% 2.22[1.59, 3.10] <S>
Total events 473 746
Heterogeneity: Tau? = 0.15; Chi? = 25.26, df = 7 (P = 0.0007); I* = 72% 0.01 0.1 1‘ 10 100
Test for overall effect: Z = 4.67 (P < 0.00001) No crack cocaine Crack cocaine

Small for gestational age (SGA): crack cocaine use during pregnancy vs no use was

significantly associated with SGA (two studies, OR, 4.00; 95% CI 1.74-9.18; 1 2 0%) (Fig. 4).

Fig. 4 Effect of use of crack cocaine during the gestational period on small for gestational age

Crack cocaine No crack cocaine Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Eyler 1998 10 154 4 154 506% 2.60([0.80, 8.49] ——l—
Richardson 1999 16 47 4 51 404% 6.06[1.85 19.85] —a—
Total (95% Cl) 201 205 100.0% 4.00 [1.74, 9.18] "'
Total events 26 8

Heterogeneity: Chi* = 0.98, df = 1 (P =0.32), F= 0%
Test for overall effect: £ = 3.27 (P =0.001)

0.0 0.1 1 10 100
Mo crack cocaine Crack cocaine

Head circumference: crack cocaine use during pregnancy vs no use was significantly

associated with smaller head circumference (three studies, —1.65 cm; 95% CI —3.12 to —0.19; I



2 96%) (Fig. 5).

Fig 5 Effect of use of crack cocaine during the gestational period on head circumference

Crack cocaine  No crack cocaine

Mean Difference Mean Difference
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Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Bateman 1993 476 3.77 361 502 328 387 33.8% -2.60 [-3.11, -2.09] ——

Behnke 2001 339 14 118 344 15 127 34.5% -0.50 [-0.86, -0.14] -

Cherukuri 1988 318 26 55 337 17 55 31.7% -1.90 [-2.72, -1.08] —

Total (95% ClI) 534 569 100.0% -1.65[-3.12, -0.19] . 1’ ; :
Heterogeneity: Tau® = 1.59; Chi? = 45.85, df = 2 (P < 0.00001); I> = 96% 4 2 0 2 4

Test for overall effect: Z = 2,21 (P=0.03)

No crack cocaine

Crack cocaine

Congenital malformation: crack cocaine use during pregnancy vs no use was not

associated with congenital malformation (two studies, OR, 0.91; 95% CI 0.39-2.11; I 2 60%)

(Fig. 6).

Fig 6 Effect of use of crack cocaine during the gestational period on congenital malformation

Crack cocaine No crack cocaine
Study or Subgroup Events Total Events Total Weight

Odds Ratio
M-H, Random, 95% CI

Odds Ratio
M-H, Random, 95% CI

Eyler 1994 13 168 9 168 43.5%
Sprauve 1997 11 483 114 3158 56.5%
Total (95% Cl) 651 3326 100.0%
Total events 24 123

Heterogeneity: Tau? = 0.23 Chi* = 2.50, df =1 (P = 0.11); F = 60%

Test for overall effect: Z=0.23 (P = 0.82)

1.48 [0.62, 3.57]

0.62[0.33, 1.16]

0.91 [0.39, 2.11]

I
0.01

B

._l_

>

T
0.1

i
1 10 100

No crack cocaine Crack cocaine

Fetal death: crack cocaine use during pregnancy vs no use was not associated with fetal

death (three studies, 0.91; 95% CI 0.41-2.02; 1 2 17%) (Fig. 7).

Fig 7 Effect of use of crack cocaine during the gestational period on fetal death

Crack cocaine No crack cocaine

Odds Ratio

Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Eyler 1994 3 168 7 168 27.8% 0.42 [0.11, 1.65] —_—

Eyler 1998 3 154 1 154  11.3% 3.04 [0.31, 29.55]

Sprauve 1997 7 483 44 3158 60.8% 1.04 [0.47, 2.32) i

Total (95% CI) 805 3480 100.0% 0.91[0.41, 2.02]

Total events 13 52

Heterogeneity: Tau? = 0,10, Chi#=242,df =2 (P =10.30); B=17T%
Test for overall effect: Z=0.23 (P = 0.82)

0.01 0.1
No crack cocaine

10
Crack cocaine

100
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Placental displacement: crack cocaine use during pregnancy vs no use was signifcantly

associated with placental displacement (five studies, 2.03; 95% CI 1.66-2.48; I 2 0%) (Fig. 8).

Fig 8 Effect of use of crack cocaine during the gestational period on placental displacement

Crack cocaine No crack cocaine

Odds Ratio

Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Aghamohammadi 2016 31 88 13 90 7.6% 3.22 [1.55, 6.70]

Bateman 1993 8 361 1 387 09% 8.75[1.09,70.29]

Cherukuri 1988 18 55 10 55 52% 2.19[0.90, 5.31] Thr

Eyler 1994 3 168 1 168 0.8% 3.04[0.31,29.49)

Sprauve 1997 136 483 540 3158 85.4% 1.90 [1.53, 2.37] [ |

Total (95% CI) 1155 3858 100.0%  2.03 [1.66, 2.48] &

Total events 196 565

Heterogeneity: Tau? = 0.00; Chi? = 3.95, df = 4 (P = 0.41); I’ = 0% 601 051 140 1004

Test for overall effect: Z = 6.86 (P < 0.00001)

No crack cocaine Crack cocaine

Priori subgroup analyses were performed. Similar results were found for preterm
delivery in both self-reported (OR = 3.53; 95% CI = 1.92-6.48; P < .005; I 2 = 65%) and
objective-reported (OR = 1.76; 95% CI = 1.30-2.38; P < .005; I 2 = 50%); for placental
displacement in both self-reported (OR = 2.97; 95% CI = 1.72-5.12; P < .005; I 2 =0%) and
objective-reported (OR = 1.91; 95% CI = 1.53-2.37; P <.005; 1 2 = 0%); for low birth weight
in both self-reported (OR =3.95; 95% CI = 2.87-5.44; P <.005; 12 =0%) and objective-reported
(OR =2.47; 95% CI =2.28-3.48; P <.005; 12 = 26%). This analysis was not done for the other

variables since they were all of the same types. This analysis was not done prospectively or

retrospectively because all the studies had a disposition for a retrospective study. We conducted

sensitivity analyses model to evaluate the stability of the crude results by removing one study

at each round of the analysis. We have observed that studies were not a greater source of

heterogeneity.
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4 DISCUSSION

To the best of our knowledge, this systematic review is a pioneer in evaluating
gestational consequences of the crack cocaine consumption. Other reports that addressed this
topic provide updates regarding other drugs or focused on cocaine in the free form [21 —24].
However, the original observational studies are not restricted to isolated crack cocaine, since
the users often associate crack cocaine abuse with other drugs. Additionally, this type of
research presents other variables such as experimental design and location and form of expo -
sure. For this reason, the inclusion and exclusion factors in our review were very selective (Fig.
1), leaving few selected studies to be included in the current work. Nevertheless, we concluded
that despite the small number of studies included in our analysis, there is sufficient evidence
for establishing a clear association between crack cocaine gestational exposure and maternal,
fetal and neonatal consequences.

The ten studies included in this review revealed that crack cocaine use during pregnancy
had association with low birth weight [<2500 g (Fig. 2)], preterm delivery [before 37 weeks
(Fig. 3)], small for gestational age (Fig. 4), head circumference (Fig. 5) and placental
displacement (Fig. 8). On the other hand, our meta-analysis results do not suggest an association
of exposition to crack cocaine during fetal development with a congenital malformation (Fig.
6) and fetal death (Fig. 7). Our analysis indicated that children of crack cocaine user mothers
had a significant low birth weight and small for gestational age when compared with the drug-
free groups. This is possibly associated with lack of nutrition due the gradual reduction in
placental blood flow produced by vasoconstriction, leading to decrease in oxygen and nutrient
transfer to the fetus [11, 14] and monoamine neurotransmitter functions of the developing fetal
brain [25, 26]. Additionally, pregnant crack cocaine users usually present lack of appetite and
are less engaged, which could contribute to maternal nutrition impairments [27 —34]. In fact,
low birth weight is often evaluated on short- and long-term outcomes. In general, the short-term
alterations are related to higher rates of mortality at birth, in addition to high medical costs [35].
However, Table our results do not indicate effects of maternal exposure of crack cocaine on
mortality, maternal and newborn length of hospital stay or hospitalization in the neonatal
intensive care unit. On the other hand, there is no clear correlation between long-term effects
and low birth weight [36], which showed evidence that individuals exposed to crack cocaine in
the gestational period are prone to heart disease and type 2 diabetes later in life. Additionally,
other studies showed that low birth weight could impact on 1Q, labor force participation,

adverse economic outcomes and reduced mental performance [37—41]. However, when low
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birth weight is due to prenatal crack cocaine exposure, adolescents present problems of self-
regulation and poor impulse control [32, 42—45]. At the age of 14, they present two-fold more
chances to use cocaine [46], and at 15, they have 1.8 times more tendency to alcohol and
marijuana or tobacco use [32, 45, 47]. Despite these reports, new studies investigating these
percentages in adulthood and the mechanism of action of placental flow culminating in low
birth weight are needed, as well long-term studies to identify cognitive performance deficits in
adulthood. Preterm birth represents a worldwide public health problem, especially in
developing countries [48, 49]. Although preterm infants are more sensitive than term, because
of complications from cerebral [50] and pulmonary [51] immaturity, mortality rates have been
decreasing due to the use of new medical advances [52, 53]. Additionally, a preclinical study
suggested that cocaine increases the viability of oxytocin (Oxt) in the pregnant baboon [54]. All
these data corroborate with our results, indicating a higher incidence of preterm delivery in
crack cocaine users, which can be attributed to the effect of crack cocaine increasing
catecholamine levels [14], resulting in augmented sensibility to Oxt via adrenergic receptors,
leading to uterine constriction. However, the mechanism by which cocaine induces alterations
in Oxt levels is not fully understood [55]. Thereby, the variation in Oxt levels may explain the
high rates of preterm births observed in our analysis. Other studies are needed with the Oxt
antagonist, for example, to verify if it would be useful in relaxing myometrial contractions,
which in turn, could avoid the preterm delivery in pregnant crack cocaine users. Other recent
study indicated that women who suspended the use of crack cocaine in the first trimester of
pregnancy presented high rates of preterm delivery [56], indicating that probably, the increased
of Oxt is not dependent of chronic use. Gestational intoxication to drugs of abuse leads to
several behavioral and neurobiological alterations, radically increasing children’s vulnerability
to cognition defcits [57—60]; however, these alterations in prenatal cocaine exposure in rodents
and humans are dose, sex-, and agedependent [61-63]. Interestingly, impairments in cognitive
performance and behavior are modulated by Oxt, signaling that the stress response is preventing
social interactions, and thereby increasing the risk of drug abuse [55]. In addition to Oxt, other
factors have also been associated with preterm birth, including infection [64], uterine
overdistension [48], low socioeconomic status [65] and smoking [66]. However, new clinical
and preclinical studies should be developed to investigate the role of Oxt in the observed high
incidence of preterm delivery in prenatal crack cocaine exposure.

Our results indicate that perinatal exposure to crack cocaine, as well as intranasal
cocaine exposure, has an impact on brain development, typified by reduced head circumference

(HC) [24, 67]. Although inferences based on HC or occipitofrontal circumference must be
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conducted with caution, it is a valuable tool used as a measure of neurological development in
newborn, infancy and childhood [68, 69], besides being a fast and inexpensive way to identify
abnormalities on cognitive functions [70—72], intracranial volume [73], sex- and age-dependent
brain volume [74] and more than 500 conditions associated with microcephaly and
macrocephaly [75, 76]. Animal studies with prenatal administration of cocaine have been
shown alterations in neocortex [25, 77-80], hippocampus [81], striatum, thalamus, globus
pallidus [82] and disruptions in myelination [83]. Although these studies did not directly
evaluate the HC, such alterations may be related to a reduced HC in humans [84]. Unfortunately,
there are no animal models of perinatal crack cocaine exposure to understand if other routes of
administration of cocaine (crack cocaine) generate similar effects. Probably, the alterations
indicated in our results about reduced HC by exposure to crack would be even more devastating
due the active compound, anhydroecgonine methyl ester (AEME), generated from cocaine
pyrolysis, which has been associated with a higher risk of neurotoxicity and greater addiction
[1, 85]. All these data emphasize the need for new clinical and experimental studies to elucidate
the influence of the smoked form of cocaine on the aforementioned alterations.

Another significant finding from our results is the association of crack cocaine use and
placental abruption. This pathology is associated with late pregnancy bleeding, uterine
contraction and pain [86, 87]. The mortality ranges from 20 to 67% depending on fetal weight,
gestational age and degree of abruption [88]. Several studies indicate the risk factors for
placental abruption including maternal age, multiple gestation, chronic hypertension, premature
membrane rupture, oligohydramnios dietary or nutritional deficiency, cigarette smoking,
cocaine and crack cocaine drug use [11, 89—101]. The animal study developed by Wu and
colleagues [102] showed that prenatal cocaine exposure could disrupt pathways of the
regulation for placental progesterone synthesis associated with the declining level of
progesterone in both maternal and fetal plasma. The maintenance of high levels of progesterone
in the luteal phase (human cycle) is necessary because it stimulates estradiol (E2)-primed
human endometrial stromal cells to decidualized and express tissue factor (TF) [103] that
prevents hemorrhage [104] associated with severe placental abruption [105]. Although crack
cocaine is one clear risk factor, there are inconclusive studies developed in human and no other
studies in animal models. In this way, new studies are needed to establish a clear relationship
between crack cocaine prenatal exposure and placental abruption.

Our data did not suggest an association between intrauterine growth restriction and
preeclampsia followed by prenatal crack cocaine exposure. In fact, it was not possible to

perform a meta-analysis, because only two articles included in this review addressed these
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variables. However, they reported increased risk for intrauterine growth restriction (29% users
vis-a-vis 13% non-users) [99] and influence of crack cocaine, during pregnancy, on the
prevalence of preeclampsia (50% users vs 28% non-users) [11]. Additionally, our results
suggested in most cases alteration related to newborn and fetus; however, new studies are
needed to confirm and understand the mechanisms by which crack cocaine/ cocaine would lead
to preeclampsia, since this alteration can cause preterm lung maturation [106], consequently
increasing the risk of neonatal death. The similarity to intrauterine restriction and preeclampsia,
fetal death and congenital malformation was not statistically associated with crack cocaine use
during pregnancy. Behnke et al. (2001) [107] evaluated congenital malformation after prenatal
cocaine exposure, and although intoxicated infants presented lower birth weight and smaller
head circumference compared with drug-free infants, they did not identify other anthropometric
alterations in the number of significant or minor anomalies that are characteristic of congenital
malformation.

Collectively, our results reinforce the known harmful effects of cocaine on mother and
fetus. Also, the use of the smoked form of cocaine can be considered even more dangerous
because of the main product of the pyrolysis of cocaine AEME [1, 108, 109]. AEME is
exclusively produced when cocaine pyrolysis occurs, and it is an analytical marker for crack
cocaine consumption [110-113]. This compound potentiates the neurotoxic effects of cocaine,
leading to impairments on long-term spatial working memory and increased oxidation and
antioxidant enzymes levels in the striatum [114]. In another in vivo study, Garcia et al. (2017)
[108] reported that AEME increased the locomotor activity and dopamine in reward circuitry,
emphasizing the addiction power of this substance. Despite the increasing number of studies on
AEME, the effects of this substance during pregnancy are still completely unknown. In this
direction, clinical studies could establish the consequences of AEME exposition due to the use
of crack cocaine during the gestational period. Additionally, new preclinical studies with
prenatal exposure to crack cocaine smoke or isolated AEME compound are crucial for a better

understanding of the prenatal consequences of crack cocaine use.
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Limitations

This review intended to verify the effects of crack cocaine on pregnancy. To overcome
typical limitations of this kind of work, we chose to use an open (using general terms) search
strategy, leaving the restrictive phase to the selections based on titles and abstract and complete
article readings. An assured result was that all ten selected articles included in this review
showed a low risk of bias, according to the NOS quality assessment. On the other hand, an
important restriction that must be considered when interpreting the results of all studies on
human drug abuse is that crack cocaine addicted people usually have contact with other abuse
drugs; the results presented may be contaminated by other drugs effects. Additionally, the crack
cocaine use was recognized exclusively by questionnaire, leaving a relative uncertainty on the
dose to which the mothers were exposed, as well as the frequency of drug use, adding variability
to the severity of the effects observed. This emphasizes the need for more new and controlled
studies, both in human subjects and in animal models, to better understand the specific effects

of crack cocaine on pregnancy and fetal and infant outcomes.

5 CONCLUSION

Crack cocaine use has become a severe public health issue in the world [115-119].
While one study indicates stabilization on the number of crack cocaine users in the USA [120],
another study suggests a trend towards the use of crack cocaine among other drug users in
Canada [121]. In Brazil, increasing rates of crack cocaine-related hospitalizations (from 2.8%
in 1997 to 67.8% in 2010) among women, due to psychoactive drugs use, was reported [122].
Recent articles have shown that the effects of crack on mothers and their in utero crack-exposed
children are very different [123, 124] and that this exposition can continue after birth, both via
breastfeeding and passive inhalation, resulting in long-term effects of the drug on the child’s
organism [125]. For instance, newborns exposed to crack cocaine in utero express
neuroprotective and increased levels of neurotrophic factors, while mothers do not [123, 124].
Despite the expression of such possible protective factors, children with prenatal cocaine
exposure are at a greater risk for developing learning and language disabilities [126, 127], as
well as increased caregiver-reported behavioral problems [128]. Moreover, crack cocaine-
addicted women show increased impulsivity [129] and low performances on executive function

[130], behavioral modifications that may be linked to the commonly observed sex exchange for
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crack cocaine among female users [131-133], what can be directly related to the here reviewed
complicated pregnancies and children health issues related to crack cocaine use. This work
provides sound evidence for the deleterious effects of crack cocaine use on the mother’s and
fetus’ health, confirmed by meta-analysis. Such adverse effects are evidenced in exposed
fetuses by smaller size for the gestational age, in utero exposed newborns by lower birth weights
and head circumference, and in crack cocaine using pregnant women by higher occurrence of
placental displacement and preterm delivery. Increasing endeavors must be made on
comprehending the outcomes of crack cocaine use, both to mothers and children, to address the

health and social consequences of this behavior.
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RESUMO - ARTIGO 2

O consumo de drogas de abuso ¢ um dos principais desafios de satide publica levando
a diversos efeitos adversos. Os efeitos fisioldgicos das drogas de abuso sdo estudados em
modelos animais e a Drosophila melanogaster se destaca nesse tipo de pesquisa. O objetivo
principal deste trabalho foi avaliar as alteragdes causadas por drogas de abuso em D.
melanogaster, uma vez que este tem sido um modelo bem estudado e que pode ajudar a
compreender os mecanismos subjacentes da dependéncia de drogas em humanos. Foi realizada
uma revisdo sistematica com metanalise e a busca foi realizada em 7 bancos de dados online
(PubMed, EMBASE, ISI Web of Science, LILACS, SIGLE, Science Direct e Google Scholar),
desde o inicio de cada banco de dados até janeiro de 2023, a partir de estudos pré-clinicos com
D. melanogaster expostas a drogas psicoativas, tais como, maconha, tabaco e cocaina. Foi
utilizado o modelo de efeitos aleatorios de DerSimonian e Laird, usando o método de variancia
inversa para atribuir o peso dos estudos. A heterogeneidade estatistica foi verificada pelo teste
Q de Cochran e a inconsisténcia pela estatistica I2. A anélise de sensibilidade foi realizada em
caso de heterogeneidade significativa, remoc¢ao de um estudo por vez e analise de subgrupo.
Para todas as analises, adotou-se um valor de alfa igual a 5%, utilizando-se o pacote metan do
software Stata v13.0 (StataCorp, College Station, TX, EUA). A qualidade dos relatos escritos
foi avaliada usando o CAMARADES adaptado. Cinquenta e um estudos preencheram os
critérios de elegibilidade e foram usados para extracdo de dados. Desses, quinze foram elegiveis
para a metandlise. A exposi¢do a cocaina causa aumento da atividade locomotora em D.
melanogaster (SMD, -1,11; IC 95% -1,81, -0,42). Doses baixas de nicotina causam aumento da
atividade locomotora e doses altas causam diminuicdo. Embora ndo seja estatisticamente
significativo, ainda hd uma diminui¢cdo consideravel na porcentagem de sobrevivéncia e
aumento no tempo para 50% de eclosdo apods a exposi¢do a nicotina. Além disso, também nao
significativo, ¢ observado maior mudan¢a de comportamento quando ha exposicao repetida a
cocaina. Outros resultados foram discutidos qualitativamente. Esta andlise fornece evidéncias
claras de que drogas de abuso como cocaina, tabaco e maconha causam altera¢des moleculares,
morfoldgicas, comportamentais e de sobrevivéncia em D. melanogaster em diferentes estagios
de desenvolvimento, os quais sdo processos homodlogos a humanos. Dessa forma, a coleta e
analise dos dados descritos na literatura podem ajudar a compreender os impactos diretos na

saude humana.

Palavras-Chave: Drogas de abuso. Drosophila. Cocaina. Maconha. Nicotina.
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1 INTRODUCAO

As drogas psicoativas sao substancias que, quando em contato com o organismo,
interagem com o sistema nervoso central afetando os processos mentais, como a percepgao,
consciéncia, cogni¢do ou humor e emogdes (WORLD HEALTH ORGANIZATION, 2022).
Cerca de 270 milhdes de pessoas (5,5% da populacdo global de 15 a 64 anos) usaram drogas
psicoativas no ultimo ano e estima-se que cerca de 35 milhdes de pessoas sejam afetadas por
transtornos por uso de drogas (WORLD HEALTH ORGANIZATION, 2022).
Aproximadamente 0,5 milhdo de mortes anuais estdo relacionadas ao uso de drogas, com cerca
de 350.000 mortes masculinas e 150.000 femininas (WORLD HEALTH ORGANIZATION,
2022). No Brasil, 4,9 milhdes de pessoas (3,2% dos brasileiros) usaram substancias ilicitas nos
12 meses anteriores a 2017. A droga ilicita mais consumida foi a maconha, seguida da cocaina
em po, depois o crack, LSD, medicamentos ndo prescritos, heroina, ecstasy, entre outros. Porém,
os dados considerados mais alarmantes com relagdo aos padrdes de uso de drogas no Brasil
foram relacionados ao 4lcool (BASTOS, 2017). Com relagdo ao percentual de fumantes com
18 anos ou mais no Brasil ¢ de 9,1%, representado por 11,8% dos homens e 6,7% das mulheres
(INCA, 2022).

O uso de drogas psicoativas leva ao desenvolvimento de transtornos por uso de drogas,
que compreende duas grandes condigdes de satde: “padrdo nocivo de uso de drogas” e
“dependéncia de drogas” (GEORGE; KOOB, 2017, WORLD HEALTH ORGANIZATION,
2022). Os transtornos por uso de drogas aumentam os riscos de morbidade e mortalidade para
os individuos (GLEA; PRESTON, 2020; WORLD HEALTH ORGANIZATION, 2022). Além
disso, podem desencadear sofrimento substancial e levar a prejuizos nas fungdes pessoais,
familiar, social, educacional, ocupacional ou em outras 4reas importantes. Os transtornos por
uso de drogas estdo associados a custos significativos para a sociedade devido a perda de
produtividade, mortalidade precoce, aumento dos gastos com saude e custos relacionados a
justica criminal, bem-estar social e outras consequéncias sociais (MCLELLAN, 2017). Sao
condicdes de satide complexas desencadeadas por fatores determinantes como os psicossociais,
ambientais e biologicos (GEORGE; KOOB, 2017) e se relacionam com alteracdes a nivel
molecular, neural e comportamental que sdo provocadas pelo uso da droga (ANDRETIC, 1999;
BAINTON et al., 2000, 2005; GOMEZ et al., 2019; HARDIE; ZHANG; HIRSH, 2007; LEE
etal., 2010, 2011; PHILIPSEN et al., 2018; REN et al., 2012; VELAZQUEZ-ULLOA, 2017).

Nesse contexto, surge a necessidade dos estudos em animais, que tém sido cruciais para

a compreensao da biologia e fisiopatologia da dependéncia de drogas e abuso de substancias
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(LYNCH et al., 2010). Em contraste com os estudos clinicos, os modelos animais podem ter
varidveis controladas mais facilmente. Modelos animais permitem que o experimentador se
concentre em componentes distintos do processo de dependéncia, variando de respostas simples
e agudas a comportamentos mais complexos, como busca de drogas, autoadministracdo e
recaida (LYNCH et al., 2010). Embora os modelos em roedores tenham fornecido informagdes
cruciais sobre os mecanismos subjacentes aos comportamentos relacionados a drogas, eles nao
sao ideais para abordagens genéticas avancadas destinadas a identificar mecanismos novos. Isso
se deve principalmente ao gasto e tempo necessarios para a manutengdo dos animais,
reproducdo e andlises comportamentais (KAUN; DEVINENI; HEBERLEIN, 2012). Em
contraste, a mosca da fruta D. melanogaster ¢ um dos organismos modelo mais geneticamente
e experimentalmente acessiveis em biologia (KAUN; DEVINENI; HEBERLEIN, 2012). As
vantagens cléssicas do uso de Drosophila incluem fatores como custo, tamanho, fecundidade e
escala de tempo (JENNINGS, 2011). E dessa forma, as moscas representam um organismo ideal
para realizar triagens de mutagénese para isolar genes que regulam um determinado processo
bioldgico de interesse (KAUN; DEVINENI; HEBERLEIN, 2012). Cerca de 75% dos genes de
doencas humanas tém sequéncias relacionadas em Drosophila, sugerindo que as moscas podem
servir como um modelo eficaz para estudar a fungdo de uma ampla gama de genes envolvidos
na doen¢a humana (PANDEY; NICHOLS, 2011). Nos ultimos anos, a geracdo de grandes
colecdes de mutantes publicamente disponiveis e outras ferramentas transgénicas permitiu o
estudo funcional de quase todos os genes de interesse de moscas (ZIRIN et al., 2020; KAUN;
DEVINENI; HEBERLEIN, 2012).

Apesar de todas as descobertas acerca do uso de drogas de abuso, ainda ha lacunas a
serem preenchidas, principalmente com relacao a mecanismos moleculares e vias de sinalizagdo
mediando todas as alteracdes encontradas. Com isso, 0 nosso objetivo foi descrever como o

tabaco, a maconha e a cocaina afetam o desenvolvimento normal de D. melanogaster.
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Abstract

Objective: The consumption of drugs of abuse is one of the main public health challenges
leading to several adverse effects. The physiological effects of drugs of abuse are studied in
animal models and Drosophila melanogaster stands out in this type of research. The main
objective is to evaluate the changes caused by drugs of abuse in D. melanogaster, since this has
been a well-studied model that may help to understand the underlying mechanisms of drug
addiction in humans. Methods: We searched 7 online databases (PubMed, EMBASE, ISI Web
of Science, LILACS, SIGLE, Science Direct, and Google Scholar), From the beginning of each
database until January 2023, investigated Experimental studies with D. melanogaster exposed
to Psychoactive drugs. Two reviewers independently extracted data. A systematic review and
Meta-analyses were performed using the random-effects model of DerSimonian and Laird,
using the inverse variance method to attribute the weight of the studies. Statistical heterogeneity
was verified using Cochran's Q test and inconsistency using I? statistics. Sensitivity analysis
was conducted in case of significant heterogeneity, removal of one study at a time, and subgroup
analysis. For all analyzes, an alpha value equal to 5% was adopted, using the metan package of
the Stata v13.0 software (StataCorp, College Station, TX, USA). The quality of the report was
assessed using CAMARADES adapted. Results. Fifty-one studies met eligibility criteria and
were used for data extraction, fifteen were eligible for meta-analysis. Exposure to cocaine
causes increased locomotor activity in D. melanogaster (SMD, -1.11; IC 95% -1.81, —0.42).
Low doses of nicotine cause an increase in locomotor activity and high doses cause a decrease.
Although not statistically significant, still a remarkable decrease in the percentage of survival
e increase in time to 50% eclosion following the exposure to nicotine. In addition, also not
significant, there is a greater change in behavior when there is repeated exposure to cocaine.
Other outcomes were discussed qualitatively. Conclusion This analysis provides clear evidence
that drugs of abuse such as cocaine, tobacco and marijuana cause molecular, morphological,

behavioral and survival changes in D. melanogaster at different stages of development.

KEYWORDS: Drugs of abuse. Drosophila. Cocaine. Marijuana. Nicotine.
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1 INTRODUCTION

Psychoactive drugs stimulate the central nervous system (CNS) and can be classified as
hallucinogenic, depressive, and psychostimulant (Chen and Lin 2009; Ayala 2009; Gatch et al.
2016). The use of psychoactive substances is as old as human history, being strongly associated
with religious practices, medicinal actions, recreation, and collective rituals (Crocq 2007;
Goldstein et al. 2009; Kosiba et al. 2019). The continuous and progressive use of drugs, such
as cocaine, tobacco/nicotine, and marijuana, may trigger several molecular, neural, and
behavioral changes, which can lead to addiction (Andretic 1999; Bainton et al. 2000; Bainton
et al. 2005; Hardie et al. 2007; Lee et al. 2010; Lee et al. 2011; Ren et al. 2012a; Velazquez-
Ulloa 2017; Philipsen et al. 2018; Gomez et al. 2019).

Tobacco exposure has been associated with cancers and cellular alterations, chronic
diseases (especially pulmonary, cardiovascular and endocrine), as well as the development of
oral, tissue and/or molecular pathologies, gestational alterations and cognitive effects) (le Foll
and Goldberg 2009; Wagenknecht et al. 2018). While cocaine use can lead to cardiovascular
and neurophysiological (i.e. generation of seizures) changes; maternal, fetal, and neonatal
consequences (Koppel et al. 1996; Sordo et al. 2013; Chang et al. 2016; dos Santos et al. 2018;
Pacheco et al. 2021); brain stroke (Levine et al. 1990; Neiman et al. 2000; Merigian et al.); as
well as behavioral disorders, such as changes in locomotion, and emotional, cognitive, sexual
and hormonal responses (Bainton et al. 2000; Matsuo et al. 2013; FiloSevi¢ et al. 2018; Shibuya
et al. 2021). Finally, tetrahydrocannabinol (THC), the main psychoactive substance in
marijuana, has been linked to schizophrenia and several types of cancers (Nahas and Latour
1992; Laviola et al. 1999). However, many beneficial effects of cannabidiol, another substance
present in marijuana, have been discussed in several studies regarding the treatment of chronic
pain and refractory epilepsies (Rodriguez-Mufioz et al. 2018; Upadhya et al. 2018; Crivelaro
do Nascimento et al. 2020).

Currently, researchers have focused, especially, on the study of drug abuse and its
consequences. The compulsive use of drugs characterizes the state of addiction continuously
rising in the population, resulting in physical and social damages that lead to serious public
health problems (Ghezzi and Atkinson 2011; Wilkinson et al. 2016; Holbrook 2016; Kampman
2019; Ryan 2019). Despite the growing impact on public health, the pathophysiological
mechanisms are not completely understood.

Based on this, the use of Drosophila melanogaster as an animal model in neuroscience
has become widespread, especially in the area of drugs of abuse. The main reason is a

significant similarity with vertebrates in the main neurotransmitter systems involved in the
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response to psychostimulants, such as the endocannabinoid dopaminergic and cholinergic
systems (McPartland et al. 2006; Matsuo et al. 2013; Velazquez-Ulloa 2017). The discovery of
these similarities allowed the use of D. melanogaster as a promising animal model in the study
of behavioral, physiological, neurochemical, neuroanatomical and genetic characteristics
resulting from exposure to drugs of abuse, as well as helping to discover new molecular targets
and identifying related toxicological and/or pathological changes (Bainton et al. 2000; Maia et
al. 2007; Heberlein et al. 2009; Ghezzi and Atkinson 2011; Pandey and Nichols 2011; Kaun et
al. 2012; Yamamoto and Seto 2014; de Nobrega and Lyons 2017; FiloSevi¢ et al. 2018; Chen
and Read 2019; Shibuya et al. 2021).

Therefore, the purpose of this systematic review was to identify the main changes in the
behavior and development of D. melanogaster exposed to cocaine, tobacco/nicotine, and
marijuana. In this way, the gathering and analysis of data described in the literature could help

to understand the direct impacts on human health.
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2 METHODS

This systematic review was based on the guideline of Preferred Reporting Items for
Systematic Reviews and Meta-analyzes (PRISMA) (Page et al. 2021). The protocols were
registered on the International Prospective Register of Systematic Reviews (PROSPERO; n°.
CRD42020146823), and it is available at
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020146823.

2.1 Eligibility criteria

The research strategy aimed to identify the main changes in the behavior and
development of D. melanogaster exposed to psychoactive drugs cocaine, nicotine and
marijuana. Articles published from the starting date of each database to January 2023 were
included. No language restriction was applied.

The articles that met all the following established criteria were included: i. the relevant
intervention group for this review was D. melanogaster, which was exposed to psychoactive
drugs (tobacco, nicotine, marijuana, and cocaine), including their metabolites; ii. experimental
models using D. melanogaster or mutant strains regardless of gender or development stage;
Only original research from preclinical experimental studies; iii. the control group was
considered as flies that were not exposed to abuse drugs; iv. there was no restriction for the
duration, route of administration or dose and published from the starting date of each database

to January 2023.

2.2 Identification of relevant studies

Databases searched included PubMed (from 1960 to January 2023), EMBASE (from
1947 to January 2023), ISI Web of Science (from 1900 to January 2023), LILACS (from 1982
to January 2023), SIGLE (from 2007 to January 2023), Science Direct (from 1997 to January
January 2023), and Google Scholar (from 2004 to January 2023). A search strategy was carried
out using a combination of base descriptors "Drosophila melanogaster" or "fruit flies", and
"cocaine", "marijuana", "tobacco" or "nicotine" (MeSH). We don't use filters. The search

strategies are shown in Table 1.
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Table 1 Search strategies for each database

PUBMED

SIGLE

EMBASE

WEB OF SCIENCE

LILACS

GOOGLE SCHOLAR

Science Direct

(("fruit"[MeSH Terms] OR "fruit"[ All Fields]) AND ("diptera"[MeSH Terms] OR
"diptera"[All Fields] OR "flies"[All Fields]) OR "drosophila"[MeSH Terms] OR
"drosophila"[All Fields] OR '"drosophila melanogaster"[MeSH Terms] OR
("drosophila"[All Fields] AND "melanogaster"[All Fields]) OR "drosophila
melanogaster"[All Fields]) AND ("illicit drugs"[MeSH Terms] OR ("illicit"[All
Fields] AND "drugs"[All Fields]) OR "illicit drugs"[All Fields] OR ("street"[All
Fields] AND "drugs"[All Fields]) OR 'street drugs"[All Fields] OR
"cocaine"[MeSH Terms] OR "cocaine"[All Fields] OR "tobacco"[MeSH Terms]
OR "tobacco"[All Fields] OR "tobacco products"[MeSH Terms] OR
("tobacco"[All Fields] AND "products"[All Fields]) OR "tobacco products"[All
Fields] OR '"nicotine"[MeSH Terms] OR '"nicotine"[All Fields] OR
"cannabis"[MeSH Terms] OR "cannabis"[ All Fields] OR "marijuana"[All Fields])

(Fruit flies OR drosophila OR drosophila melanogaster) AND (street drugs OR
cocaine OR marijuana OR tobacco)

(‘Fruit flies’/exp OR ‘drosophila’/exp OR ‘drosophila melanogaster’/exp) AND
(‘street drugs’/exp OR ‘cocaine’/exp OR ‘marijuana’/exp OR ‘tobacco’/exp OR
‘nicotine’/exp)

(Fruit flies OR drosophila OR drosophila melanogaster) AND (street drugs OR
cocaine OR marijuana OR tobacco OR nicotine)

(mj:(drosophila)) AND (mj:(cocaine)) OR (mj:(nicotine)) OR (mj:(tobacco)) OR
(mj:(marijuana)) OR (mj:(street drugs))

drosophila melanogaster "drugs of abuse"

(("drosophila melanogaster") and ("drugs of abuse"))

Initially, two independent investigators (J.F.S. and [.LR.R.B.) conducted the searches,

comparing their results. All titles and abstracts were read by the reviewers independently and,

where appropriate, full-text articles. A third reviewer (I.S.M.) was consulted when there was no

consensus on the inclusion of data or a particular article. Subsequently, the reviewers read full-

length manuscripts and reached a consensus about their inclusion. We included in this

systematic review articles that met all the established criteria but did not present standard data

for meta-analysis. It was not possible to assess the quality of the studies, but we assessed the

quality of the report. Comments, letters, editorials, and reviews were excluded. To find other

eligible studies, the references of included articles were checked.
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2.3 Data extraction

The initial data extraction was carried out by the same reviewers independently. The
excluded articles were considered and the reason for their exclusion was indicated (Fig. 1).
Reviewers discussed disagreements at consensus meetings. The general characteristics of the
selected studies were properly collected, including the authors, year of publication, fly strain,
gender, stage of development, number of flies, exposure (type, dose, route, and frequency) and

the main reported results.

Figura 1. Literature search flowchart

[ A Number of articles identified through
c database searching
o (n=3,814)
=]
1] PUBMED: 484
ﬁ GOOGLE SCHOOLAR: 1000
f= WEB OF SCIENCE: 1740
= EMBASE: 238
_g SCIENCE DIRECT: 251 Number of articles
—_ LILACS: 98 recovered in references
SIGLE: 3 (n=51)
. -y

l '

Number articles screened on title and abstracts

(n= 3,865)
Studies excluded based on title
and abstracts inspection (not
- relevant  for the  research
v question)
(n=3,801)

Full-text articles assessed for

eligibility
(n=64)
Excluded (n= 13), of which:
There was no exposure of interest (n=3)

In vitro or in situ exposure (n=3)
L J There are no outcomes of interest (n=7)

Studies included in qualitative
synthesis (n=51):
Cocaine: 20
Marijuana: 5
Nicotine: 26

Y

Studies included in
quantitative synthesis
(meta-analyses)
(n=15}

[ Included ] [ Eligibility ] [Screening]

A series of predetermined variables were extracted from each included paper. The
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primary outcomes of interest were survival, mortality, pupariation, ET50 (number of days
required for 50% of flies to hatch), malformation, weight (mg), locomotor activity, cerebral
hemisphere area (mm2), number of positive neurons for tyrosine hydroxylase, time to 50%
sedation (ST50), climbing agility, ability to fly (%), enzyme activity (catalase, SOD,
Glutathione — (unit/mg protein)), behavior alterations, fat body content (ug/pg/fly), differential
gene expression, percentage of impaired flies, cardiac function (transient calcium), reactive

oxygen species (DCF pumol), oxidative stress, number of eclosed flies.

2.4 Data analysis

For Metanalise we used the graphical application WebPlotDigitizer (version 4.6) to
facilitate easy and accurate data extraction (Ankit Rohatgi 2022).

For continuous outcomes that present their data in means and are measured in the same
unit of measurement, the weighted mean difference between treatments was calculated,
associated with their 95% Confidence Interval. For outcomes that are measured using different
scales/metrics, the standardized mean difference between treatments was calculated, also with
the 95% confidence interval. Finally, for outcomes that are presented as frequencies, the
difference in risk between treatments was calculated. All calculations followed the random-
effects model of DerSimonian and Laird, using the inverse variance method to attribute the
weight of the studies.

Statistical heterogeneity was verified using Cochran's Q test and inconsistency using I
statistics. Sensitivity analysis was conducted in case of significant heterogeneity, removal of
one study at a time, and subgroup analysis. For all analyzes, an alpha value equal to 5% was
adopted, using the metan package of the Stata v13.0 software (StataCorp, College Station, TX,
USA).

2.5 Quality of the report assessment

We had planned to use the SYRCLE risk of bias tool for animal studies (Hooijmans et
al. 2014). However, we have observed that studies using the D. Melanogaster animal model
have specificities that SYRCLE cannot address. Perhaps this is the reason why systematic
reviews have not used any tools to assess the risk of bias.

The quality of the report assessment process of the studies in this systematic review
needed to be adapted to the characteristics of the intervention studies with D. melanogaster. The

CAMARADES 10-item study quality checklist was used to assess the quality of the report
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articles. This checklist was modified based on the models of D. melanogaster exposed to drugs
of abuse as (1) peer-reviewed publication, (2) control of environmental conditions (temperature,
food, light/dark cycle), (3) description of the strain in the control and exposed groups, (4)
description of age and sex (5) frequency and duration of exposure to drugs of abuse, (6) stage
of flies exposed to drugs of abuse, (7) dose of abuse drugs for exposure, (8) control group for
comparison, (9) sample number, (10) statement of potential conflict of interests (Macleod et al.

2004; Zeng et al. 2015).

3 RESULTS

3.1 Qualitative description of included studies

As a result of the initial search of the database, a total of 3814 studies were identified
and 51 were recovered from the references. After selecting and analyzing the 3865 articles
based on titles and abstracts, 3801 studies were excluded because they were not relevant to the
research question. 64 full-text articles were assessed for eligibility, of which 13 were excluded.
The reasons for exclusion from the studies involved the absence of exposure (n = 3) or outcomes
(n =7) of interest, as well as in vitro or in situ exposure (n = 3). Then, 51 studies met inclusion
criteria and were included in this systematic review, addressing the different drugs of abuse:
nicotine (n = 26), cocaine (n = 20), and marijuana (n =5). Finally, only 15 articles were included
in the meta-analysis (Figure 1). The main characteristics of the 51 included studies are shown
in Table 2. All these articles were published in English between 1998 and 2022 and were
preclinical experimental studies with D. melanogaster. Most studies (n = 24) used male flies,
distributed in cocaine (n = 14), nicotine (n = 7) and marijuana (n = 3). While only 15 used both
sexes, distributed in cocaine (n = 5), nicotine (n = 9) and marijuana (n = 1), some nicotine
studies used larvae (n = 5) and one study did not report sex. Among the 51 articles included, 37
used adult flies, 8 used larvae, and 6 used both developmental stages. The exposure to different
drugs of abuse (nicotine, cocaine, and marijuana) was performed through different routes,
including intraperitoneal, injected, volatilized, smoked or by feeding the flies. In addition, the
frequency of exposure to these drugs of abuse ranged from minutes to days. The main outcomes

of exposure to these drugs of abuse are shown below (Table 3).
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First Qualit Strains of Gender  Development ~ Number Exposure Outcomes reported
author y score flies al stage of the of flies
and study flies
year
Type and Route Frequency
dose
Cocaine exposure in Drosophila melanogaster
McClung 7 Oregon R Male and Adult 20-80 Cocaine (75 Volatilized onceforl  behaviors elicited by
and Hirsh, Female Mg, 100 pg min or three  cocaine:

1998 and 110 pg) times, (on Males are more severely
day 1) ortwo affected than females and
times (onthe develop a significant

following sensitization to cocaine
day) with3 by the third exposure,
hour which continues through
intervals the following day.;
between the flies progress rapidly
doses in both to their most severe
behavioral response and
then display the behaviors
in  descending  order
during the  recovery
period;
sensitization in  both
sexes, with  maximal
sensitization  occurring
with a time interval of 6
hours between doses.
Torres et 9 Wild-t Female Adult 10 -32 Cocaine Injected Exposed for 1 behavioral activity
ype .
al., 1998 (Canton-S and male (ImM) 1 min
strain)
McClung 8 Wild-type Male Adult 54 -80 Cocaine (75  volatilized cocaine free two Cocaine: 1 in the number
and Hirsh, (Oregon R) or ug) base exposures at  of flies showing more
1999 Drosophila a6-hinterval severe behaviors with
mutant inactive or 10 scores > 5 following the
(iav), TBH"* exposures of  second cocaine dose.



Andretic et
al., 1999

Bainton et.
al., 2000

Park et.al.,
2000

Liet. al.,
2000

7

8

7

WT Oregonr
and pere

WT Canton-S

WT W and
pka-R] | ep@2162

wild-type
(ws, pDdc—
GAL4, pDdc—
GAL4.3D and
pDdc—
GAL4.36,
UAS-TNT-
E, UAS-Gai,
and UAS-
Gas.

Male

Male

Male

Male

Adult

Adult

Adult

Adult

30-50

9-10

48 -78

15 -125

Cocaine
(75u9)

Cocaine (0,
100, 200,
300, 400 and
500u9)
Cocaine (75,
90,150 and

200ug)

Cocaine (40,
60, 75 e 90
pg) or 0.05

mg/ml
cocaine-HClI

Volatilized free-base

Volatilized (dissolution

volatilized free-base

volatilized free base or
applied to the

over 5 days
for TDC
activity

3 times over
2 days

Exposed
for 1 min

two
exposures at
a 6-h interval

once or three
cocaine

doses at 0, 6
and 24 h

62

Defective sensitization in
iav flies, but near-normal
sensitization in the
TBHM18 null mutant.
Cocaine-sensitized flies
TDC activity was
elevated approximately
80% compared with
sham-treated controls
WT flies: 1 locomotion
after exposure

per0 flies: no sensitization
to cocaine
Exposed WT flies: |
climbing

subsequent  doses  of
cocaine failed to elicit
robust sensitization in

pka-RI|ereze flies,
whereas wild type flies
show prominent

sensitization, measured as
an enhanced response to
the  second  cocaine
exposure.

Cocaine: 1
hypersensitivity and
locomotor responses em
Gai or TNT;

| hypersensitivity and
locomotor responses in
Gos compared  with
controls;

Repeated exposures led to
robust sensitization in
controls,



Dimitrijevi
cetal.,
2004

Tsai et al.,
2004

Bainton et
al., 2005

Lease and
Hirsh,
2005

10

WT Canton S
and pere

Wild-type
melanogaster
flies

EP369 (WT
control),
EP1529

Moody-a (al

and o2) and

Moody-B (B1

and B2) in

D17 flies

Oregon R
(OreR)

Male

Male

Male

Male

Adult

Adult

Adult

Adult

22-24

15

12-20

81

Cocaine (20, Injected
100 or 200
pmol per fly)
Cocaine (75, Volatilized cocaine
100, 150,
200 and
250u9)
Cocaine Volatilized (dissolution
(200, 200 in ethanol)
and 400p9)
Cocaine airbrush (1, 2, 3and 4

po/ul) or
volatilized or volatiliz
ed with pre-drug (50,
60, 70, 80, 90 and 100
pg) exposure cold
treatment.

Once or
twice

Once

Exposed
for 1 min

A 1.5 s spray
followed by
10s
of air alone
to dose and
then dry the
flies.

63

but Go,, TNT or Gos
abolished sensitization.

WT and pere flies: 1
locomotor activity and
number of “peaks” after
cocaine (100 and 200
pmol)

Repeated cocaine
injections: 1 behavioral
responses in WT but not

in pereflies

EP1306  flies  show
changes in

locomotor patterns
induced by cocaine from
activity.

EP1529 flies: 1 cocaine
sensitivity

Independent moody-a (a1
and a2) and moody-f (B1
and B2) in D17 flies:
cocaine sensitivity did not
restore

1 The stereotypic
responses are  dose-
dependent in the airbrush
and smoke cocaine. The
variation in behaviors of
flies dosed with the
airbrush was smaller than
that of the smoke-dosed
flies, indicating that the
airbrush method gives
better reproducibility.



Chang et
al., 2006

Sedore
Willard et
al., 2006

Hardie et
al., 2007

Lebestky
et. al.,
2009

Gakamsky
et. al.,
2013

FiloSevic et
al., 2018

WT Oregonr
and transgenic
flies
(DVMAT)

Oregon-R,
Canton-S and
Dahomey
(DH)

Cantonized
wue [CS] and
Tdcl
transgene

CS (+/+) flies;
black bars,
DopR/DopR
flies.

Canton-S (CS)

WT Canton S
and mutant for
circadian
genes (Clk,

Male and
female

Female

Male

Male

Male

Male and
female

Adult

Adult

Adult

Adult

Adult

Adult

20-36

4-141

90

10

32

Cocaine
0.1,10r
10upg/mL;

200pg)

Feeding or volatilized
cocaine

Cocaine Food
(0.75, 1.0,
1.5,2.0,2.25
mg/ml)

Cocaine (85 Volatilized free-base

M)

Cocaine (50 Food
0 and 750

1)

Cocaine volatilized

(120 pg)

Cocaine (25,
50, 75, 100,
125 or
150p9)

Volatilized (dissolution
in ethanol)

5 or 7 days

during adult
lifespan.or
treatments of
10 days or
longer

Once

for the 48 hr

incubation,
eating ad
libitum.

During the
experiment

Twice or 3
times for 1
min

64

WT flies: 1 locomotion
and grooming  after
exposure

DVMAT overexpression:
| sensitivity to cocaine
and  impairment  in
climbing

Cocaine: | adult lifespan
and

results in morphological
defects in ovarian
follicles.

Cantonized w=s [CS]
flies: T locomotor
activity

Tdc2r+ flies: | basal
locomotor

activity levels and are
hypersensitive to  an
initial dose of

cocaine.

| of t and distance
traveled by cocaine in CS
flies and

the lack of an effect of
cocaine in DopR/DopR
flies
Cocaine: 1
interval

angular

WT flies: 1 locomotor
activity in the first minute
after cocaine (25-150 pg)
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perq, cyce, per, Clk and cyc genes:
time and pdf) required for locomotor
sensitization to cocaine
Philipsen 8 Canton-S Male Adult 5-11 cocaine (15 food supplemented with 3 days Cocaine administration:
et. al., mM) cocaine Increased  Phospholipid
2018 species, particularly
phosphatidylcholines
(PCs),
phosphatidylethanolamin
es (PEs),
and phosphatidylinositols
(PIs), in the central brain
and the optical lobes in
Drosophila brain.

Philipsen 10 Canton-S Male Adult 24 - 33 cocaine (15 food supplemented with 3 days Cocaine increase the
et. al., mM) cocaine levels of
2020 phosphatidylcholines in

the fly brain;

after drug withdrawal, the
abundance of these lipids
returns to the original
level and
methylphenidate
treatment of the flies
following cocaine
exposure enhances the
reversal of the lipid level
reducing them below the
original control.

Baker et. 10 Canton-S Male and Adult 114 - 166 Cocaine CAFE Assay nomorethan Male flies exposed to

al., 2021 Female (0.53 uL) 2h cocaine took longer to
climb in the negative
geotaxis assay than control
flies, whereas females
appeared unaffected
excessive grooming
behavior in a fraction of
male flies exposed to
cocaine.
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seizures in a small
percentage of flies after
cocaine intake during the
negative geotaxis assay.
Seizures rarely occurred in
controls . Collectively,
these experiments provide
evidence that acute
exposure to cocaine results
in neurological
impairments.

Annotation of  clusters
based on gene markers
revealed that all major cell
types (neuronal and glial)
as well as neurotransmitter
types from most brain
regions were represented.

Nicotine exposure in Drosophila melanogaster

Carrillo 7 Parental lines  Male and Adult 10 Nicotine (3 Nicotine food Adulthood, In general, females are
and used in this Female pl/mL) until all of  twice as
Gibson, study the flies were resistant to nicotine as
2002 consisted of dead males
16 iso-
female lines of
D.
melanogaster.
Hou et. al., 7 Canton-S, Male Adult 10-25 Nicotine (2 Volatilized for1minin  Startle-induced climbing
2004 0GS-4, dnc, uL) - 0, 20, some cases  response:
dnce, y w; 50, 100, 200 for four Nicotine Canton-S -
DCO0=/CyO and 400 pg times Response inhibited in a
P{y '} of nicotine dose-dependent manner;
DCO0+/CyO, in CS flies. dnc: and dncw - was
S30 e S64. depressed by nicotine
significantly more

strongly than in wild type
flies;



Passador-
Gurgel et.
al., 2007

Gui and
Grant 2008

Hamatake
et al., 2009

Fujiwara et
al., 2011

North
Carolina and
California
populations

D.
melanogaster
wild-type
strain

WT strain
(Oregon-R)
and a urate-

null strain (y v
ma-I)

WT strain
(Oregon-R,
Hikone-R and
Canton-S) and

Female

not
applicable

Male and
female

not
applicable

Adult

Larvae

Larvae and
Adult

Larvae

50-60
flies per
vial

40

3-141

500

Nicotine
(Sigma), 3
pl/ml.

0, 60, 120,
and 180

pg/mi
nicotine

Three
burning
cigarettes.

burning
cigarettes

Nicotine food

nicotine food

smoke

smoke

8 h of
chronic
exposure to
the nicotine
food

Larval phase

20 min
during
exposures for
3or6h.

20 min
during
exposures for
2,40r6h.

67

DCO0+ and DCQs, showed
low sensitivity to nicotine
Spontaneous locomotor
activities: transiently 1
(nicotine at 50 pg), but
tended to be | by higher
doses of nicotine. In dnc:
and DCQs were
significantly | (nicotine
100 pg and 200 pg).
Nicotine:  shows  no
relation to survival time.
However, the longer
survival time reflects for
the  North  Carolina
population

15 (Carolina) and 11
(Northern and California)
genes, respectively,
showed level of
regression of abundance
of transcripts in survival
time

High nicotine
concentration: |pupation
Intermediate
concentrations: 1
pupation

Nicotine (120 pg/mL): 1
survival

urate-null strain (y v ma-
1): | The survival after 6-h
ESC exposure.

The survival | wild-type
strains  Oregon-R  and
Hikone-R (6 h), Canton-S



Liet. al., 9
2012

Renetal., 10
2012

a urate-null
strain (y v ma-

1)

D.
melanogaster
natural
populations
collected from
California
(CM1, CM2,
CM3, and
CM7) and
Africa (AM2,
AM3, AM4,
AM7).
WT Canton-S,
wus, V1194
and mutante
(mutant
Dcp2V1194/+

Dcp2c02419/+
, and
Dcp2e00034/+
) flies

Male and
female

Male

Adult 30 -222 0.5,1,2,0r
4 mgl/g
nicotine

sulfate

Adult 28 - 32 Nicotine
(0.6, 1.8,
3.0,0r4.2

mM)

Nicotine-containing
food

Nicotine-containing
food

2-8 days
post eclosion

3 or 4 days

68

(3 h), and 3 to 4 h for the
urate-null mutant strains.
The urate level: 1 In both
wild type strains, unlike
the case in either of the
mutant  strains, in a
manner dependent on the
duration of ECS exposure.
glutathione  level: 1
Canton-S and in both of
the urate-null strains

The four strains with
Accord-mediated
CYP6G1 overexpression
are resistant to nicotine.

CS flies: 1 locomotor
activity after nicotine
(3mM);

w1118 flies: 1 locomotor
activity after nicotine
(3mM);

V1194 flies: | locomotor

activity after nicotine
(3mM);

Heterozygous  mutante
Dcp2V1194/+,
Dcp2c02419/+, and

Dcp2e00034/+ flies show
chronic nicotine-induced
locomotor hyperactivity



Chambers
et. al.,
2013

Fuenzalida
-Uribe et.
al., 2013

Hill-Burns
et. al.,
2013

10

parkzs&sy \\iie

Wild-type
Canton-S,
Tdc2-Gal4,
DDC-Gal4,
UAS-
RNAITbH,
UAS-
RNAIDDC,
UAS-
TeTx.LC

V1118

Male and
Female

Male

Female

Adult

Adult

Adult

10-20

10

30 flies for

vial

Nicotine (0,
9orl2
Hg/ml)

Nicotine (6
Hg)

0, 0.01, 0.05,
0.1,0.2,0.4
mg/ml
nicotine

Nicotine-containing
food

volatilized

Nicotine-containing
food

From day
one post
eclosion,
Flies were
tested on
days 5, 10,
15and 20
post
eclosion.

for 1 min

8 — 10 days

69

Nicotine: (9 or 12 ug/mL)
| LTs in control flies
(we);

(9 ug/mL) 1 LT in parks
heterozygous flies.
Nicotine: improves
climbing ability and the
progressive decline in
flight behavior in park25

heterozygotes in
Heterozygous mutation
Nicotine: l startle
response  in  genetic
control flies
(Cs/RNAITbH).

There were no changes in
the flies that express an
RNAI for tyramine beta-
hydroxylase (TbH)
(Tdc2/RNAITbH), flies
that express a mutation
for the TbH enzyme
(tbHmut) and flies that
express the tetanus toxin
in octopaminergic
neurons have no induced
effect nicotine
(Tdc2/Tetx).

Nicotine: improved
survival for paraquat-
treated flies in a dose-
dependent manner.
However, at high dose
(0.4 mg/ml), became
toxic for flies that were
not exposed to paraquat
causing decline in median
survival.



Sadiq and
Altaany,
2013

Marriage
et. al, 2014

Sanchez-
Diaz et. al.,
2015

Uchiyama
etal., 2015

Zhang et.
al., 2016

10

WT Oregon-K Male
Drosophila not
Synthetic applicable
Population
Resource
wus and Ore- Male
R (controls)
and L70 and
L4 mutations
WT Oregon-R  Male and
and mutante female
(urate-null
strain) flies
w1118 and Male and
Canton-S (CS)  female

Adult

larvae

Adult

Third instar F1
larvae and
adult

Adult

100 - 175

30

100

unreported

50-100

Cigarette
smoke
filtrate (SF;
0.05, 1.0,
2.0,2.5,0.5,
1.5 and
2.5%)
0.18 pl/ml
nicotine

Nicotine (0.5
mg/ml)

Cigarette
smoke

Nicotine (0.6
mM)

Intraperitoneal

nicotine food

Standard cornmeal
food, supplemented

with nicotine

Smoke

Nicotine was added to
the normal food

Once

larval phase

3 times

Exposed to
CSfor2,40r
6h

unreported

70

CG14691 gene
expression was increased
significantly in response
to paraquat and restored
to normal with co-
treatment with nicotine.
Survived males fliesat the
0.05%, 2.5% or 10% SF:
63%, 16% and none,
respectively.

68.4% of the broad-sense
heritability for nicotine
resistance

Ugt86Dd, Cyp28dl and
Cyp28d2 explain a large
fraction of the genetic

variation in larval
resistance to nicotine.
L70 and L4 insertion

lines: sensitive to chronic
nicotine exposure.
Mutant  genotypes: |
lifespan when maintained
in standard cornmeal
food, supplemented with
nicotine.

Urate-null females (ma-I
(=/-)): 1 number of
mutant spots in an
exposure time-dependent,
but not in the urate-
positive females (ma-I
(+).

wus and  Canton-S: 1
locomotor activity after



Highfill et.
al., 2017

Velazquez-
Ulloa,
2017

Prange et.
al., 2018

Morris et.
al., 2018

10

Drosophila not
Synthetic applicable
Population
Resource
wue Berlin Male
(wB)

Canton S, wue  Male and
strain and female
larvae
carrying upd-
Gal4, UAS-
GFP, upd2-
Gal4, UAS-
GFP, upd3-
Gal4 or UAS-
GFP.
we Berlin Male and
(wB) strain female
(when
adults)

Larvae

Adult

Adult and
larvae

Larvae

30

50-100

10 flies
per vial

15-95

0.18 ul/ml
nicotine

Nicotine (0,
0.1,0.2,0.3
or 0.4
mg/ml)

cigarette
smoking

0.30r0.1
mg/ml
nicotine

Nicotine food

Nicotine-laced food

Smoke

nicotine food

Larval Phase

From egg to
adult

30 min each
day on 5 day
per week, for
7,100r 14
days.

larval phase

71

nicotine in both males and
females.

RNAseq showed that
Ugt86Dd had
significantly higher

expression in genotypes

that are more resistant to
nicotine

wus Berlin flies: |
Percent survival and 1
time to 50% eclosion
(ET50) with increasing
nicotine concentrations
(0.2,0.3and 0.4).

Chronic cigarette
exposure to smoke: | the
survival, | locomotor

activity, | reduced body
fat, 1 metabolic rate and |
in respiratory surface.
TGF-B, Nrf2 and the JAK
/ STAT signaling
pathways are altered by
chronic  exposure to
cigarette smoke.

Nicotine: | The number of
eclosed flies and

1 The number of days
needed for 50% of the flies
to eclose

1 Larval brain hemisphere
area

| Corrected TH central
brain fluorescence

Did not affect the number
of TH+ neurons at the
larval stage



Macdonald
and
Highfill,
2020

Santalla et.
al., 2021

Carvajal-
Oliveros
et. al.,
2021

8

10

Drosophila
Synthetic

Population
Resource

TinC- Gal4-
UAS-
GCaMP3

Sph-1
expressing
fies, a-
synuclein
(SNCA)
expressing
fies

not
applicable

unreporte
d

Male

Larvae

Adult and
Semi-intact
preparation

Adult

30

4-14

100 - 200

0.18 pl/ml
nicotine

commercial
cigarette
smoke (2
doses of 10
cc,
composition
in mg for
each
cigarette: 10
tar, 0.7
nicotine and
10  carbon
monoxide)

in Semi-
intact
preparation
(1.69 mM of
nicotine).
nicotine (24
uM)

nicotine food

cigarette smoke

Food

larval phase

daily for 7
days, 5
minutes each
time at an
interval of 6
hours

third day for

the duration

of the experi-
ment.

72

Had a cluster-specific
effect in the adult
dopaminergic system of the
Drosophila brain.

The naturally-occurring
22-bp insertion/deletion
event in Ugt86Dd
directly impacts variation
in nicotine resistance in
D. melanogaster.

Commercial cigarette
smoke affects cardiac
performance of adult
Drosophila.

Acute administration of
nicotine mimics some of
the cigarette effects.

Nicotine treatment
increases lifespan in Sph-
1 expressing fies, while
reduces it in control
animals.Flies expressing
SNCA in dopaminergic
neurons have a
signifcantly reduced life
expectancy  which s



El-Merhie
et. al.,
2021

Mannett et.

al., 2022

Sirocko et.

al., 2022

10

10

10

Canton S Virgin
female
flies and
the F1-
generatio
n
park=and Male and
w1118 Female
wildtype Male and
strain CantonS  Female

Marijuana exposure in Drosophila melanogaster

Adult and
larvae

Newly eclosed
flies

Larvae

10 - 100

21 -56

n=4
independen
t
experiment
s (each
experiment
:whole
tissue from
larvae or
airways
from 40 to
50 larvae)

electronic
nicotine
delivery
system (1, 5
or 10 mM or
8 ug)

Nicotine
(10mg/mL)

Mainstream
cigarette
smoke (CS) 4
puffs/min

nicotine vapor once per
hour for a
total
of eight

times.

food Flies were
transferred
every 2-3
days onto
new vials,
with or
without
nicotine,
until the day
of the assay.

smoke 4 puffs/min

for a duration
of 60 min.

73

similar in chronic nicotine
treated animals (24 pM).
e-nicotine not only leads
to reduced maternal
fertility, but also
negatively affects size
and weight, as well as
tracheal development of
the F1-generation, lasting
from embryonic stage
until adulthood.
Nicotine Improves
Climbing  Deficits in
Homozygous park25
Flies When Given on Day
0 and Improves Flight
Ability in Homozygous
park25 Flies.

Taken together, early-life
CS  induces  airway
epithelial stress responses
and dysregulates
pathways involved in the
fly’s branching
morphogenesis as well as
in  mammalian  lung
development. CS further
affected  fitness and
development in a highly
sex-specific manner.



Lee et. al.,
2010

Lee at. al.,
2011

GoOmez et.
al., 2019

Yejin Ahn
et. al.,
2021

10

10

Canton S

wild-type
strain, Dpark:

Canton-S,
handC-GFP,
GCaMP3
(genotype:
UAS-
GCaMP3/+;
tinCA4-Gal4,
UAS-
GCaMP3/+)

Canton-S

Male

Male

Male and
famale

Male

Adult and
larvae

Adult and
larvae

Adult and
semi-intact
heart
preparations

Adult

15-100

10- 200

7-196

10

hempseed
meal

hempseed
meal

0.03g of
dried herbal
cannabis

hemp seed
ethanol
extract ( 0.5,

food

food

vaporized

Food

embryos unt
il they
matured into
adult flies

Adult phase /
larvae phase

two daily
doses and
remained in
contact with
the vaporized
substances
for 15 min
each for 6-8
or11-13
days.

7 days

74

HSM: Increased body
weights; shorter
pupariation times; Survival
were unaltered; increased
concentration of

sterol and reduced the
levels of triglycerides
HSM: increases the
service life when exposed
to H202, suggesting
antioxidant action; The
climbing ability of parkin
mutant flies were
unaffected; Reduction of
cholesterol uptake by
HSM feeding
Consumption of
cannabinoids along the
entire life did not affect
lifespan of flies

marijuana: Arrhythmicity
index is  incremented
during short-term
exposure; Contractility is
significantly incremented
in flies treated for 11-13
days; Heart rate remains
unchanged.

Cannabis increments Ca
transient amplitude but
does not modify SR
calcium load, fractional
release, SERCA and NCX
activity in the

Drosophila heart.

The behavioral patterns of
individual ~ flies  were
significantly reduced with



Vitorovi'c 9 Oregon-R-C - Larvae 25 - 100
et. al., strain
2021

1.0, and
1.5%)

hemp seed
oil (12.5,
18.7, 31.2,
62.5, and

125 pL/mL)

Food

72h or on the

life cycle of
D.

melanogaster

75

0.1% CPZ treatment. In
contrast, combination
treatment of 1.5% HE and
0.1% CPZ significantly
increased subjective
daytime  activity and
behavioral factors. These
results  correlate  with
increased transcript levels
of dopamine and serotonin
receptors and concentration
of dopamine, levodopa, 5-
HTP, and serotonin
compared to those in the
control group.

The results revealed that
under non-stress
conditions, oil
concentrations up to 62.5
pL/mL did not induce
negative effects on the life
cycle of D. melanogaster
and maintained the redox
status of the larval cells at
similar levels to the control
level. Under oxidative
stress conditions,
biochemical  parameters
were significantly affected
and only two oil
concentrations, 18.7 and
31.2 pL/mL, provided
protection against
hydrogen peroxide stress
effects. A higher oil
concentration (125 pL/mL)
exerted negative effects on
the oxidative status and
increased larval mortality.

WT = Wild-type; Hempseed meal media (HSM); Tyrosine decarboxylase (TDC)
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Table 3. Outcomes found in the included studies

QOutcomes Nicotine  Cocaine  Marijuana

% survival + + b
Mortality % + +
Pupariation% + - +
ET50 (number of days required for 50% of flies to hatch) + - -
Malformation + + -
Weight (mg) + - +
Locomotor Activity + + +
Cerebral hemisphere area (mmz2) + - -
Number of positive neurons for tyrosine hydroxylase + + =
Time to 50% sedation (ST50) + - -
Climbing agility% 4 4 I
Ability to fly (%) + - -
Enzyme activity (catalase, SOD, Glutathione - (unit / mg + - +
protein))

Behavior alterations - + -
Body fat content (ug / ug / fly) + + +
Differential gene expression + + +
% of impaired Drosophilas - - -
Cardiac function (transient calcium) + - +
Reactive Oxygen species (DCF umol) - -

Oxidative stress + - +
Number of eclosed flies I - +

Morphological changes of flies after exposure to drugs of abuse

Studies with flies exposed to nicotine have shown anatomical malformation (n = 2), as
well as changes in weight (n = 2), cerebral hemisphere area (n = 1), and body fat content (n =
1). In contrast, articles with exposure to cocaine showed only malformation, ovarian defects (n
= 1) and changes in body fat content (n = 2). Finally, Marijuana studies have shown weight (n

= 1) and body fat content (n = 2).

Molecular and physiological changes in flies exposed to drugs of abuse

Some articles approached molecular changes in flies followed by exposure to nicotine,
including alterations in the number of positive neurons for tyrosine hydroxylase (n = 2), enzyme
activity (Superoxide dismutase activity and Levels of total glutathione) (n = 1), differential gene
expression (Nrf2, Number of transcripts correlated with survival time or larval resistance to

nicotine, CG14691, Ugt86Dd, CYP6GI1, Cypl8al expression, Upregulation of Hsp70, GSH
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metabolism (gstD4, gstD5, gstD8), the CYP metabolism (cyp6a2, cypl8al, cyp307a2), and the
oxidative stress response (hsp27, hsp40, hsp70)) (n = 9), and oxidative stress (Level of 8-
hydroxydeoxyguanosine, Purine base levels (Uric acid, Xanthine, Hypoxanthine) (n=2). One
study using flies exposed to cocaine observed differential gene expression (Cluster specific
coexpression affected by acute cocaine exposure) and another the number of positive neurons
for tyrosine hydroxylase. One study using flies exposed to marijuana showed changes in cardiac
function (SERCA activity and heart rate), oxidative stress (malondialdehyde) and enzyme

activity (SOD, CAT, GSH).

Flies behavior after exposure to drugs of abuse

Changes in climbing agility have been observed in studies with D. melanogaster
exposed to nicotine (n = 6), cocaine (n = 6), and marijuana (n = 1). On the other hand, articles
showed that the variable time to 50% sedation (ST50) (n = 1) and ability to fly (n = 2) was only

interfered by the exposure of flies to nicotine.

Development of flies exposed to drugs of abuse

Studies have shown that exposure of flies to nicotine led to mortality (n = 1), as well as
changes in pupariation (n = 1) and number of eclosed flies (n = 2). In addition, articles with
flies exposed to marijuana showed changes in the mortality rate (n = 2), number of eclosed flies

(n=1) and pupariation (n = 2).

3.2 Inclusion in meta-analysis

Locomotor activity of flies exposed to drugs of abuse

Changes in locomotor activity were described in 12 papers, which investigated
exposures to nicotine (n = 5), cocaine (n = 7) and marijuana (n=1). Of which, 10 studies
provided appropriate data to be included in the meta-analysis, 4 on nicotine and 6 on cocaine.

Three studies showed an increase in locomotor activity while one study showed a
decrease in this parameter after flies' exposure to nicotine. In the meta-analysis this contributed

to a non-significant result (SMD: 0.123 [95% CI: -0.853; 1.099]; I = 91.8%) (Fig. 2).
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Figure 2. Locomotor activity exposure of flies to nicotine

Control Nicotine SMD SMD
Study N Mean SD N Mean SD Weight (%) Fixed, 95% CI M-H, Fixed, 95% Cl
Hou et al, 2004 23 7.2 4.8 23 3.9 4.2 27.13 -0.39 [-0.96, 0.18] =T
Prange et al 2018 10 13.0 25 10 4.1 1.5 16.06 4,31 [2.65, 5.96] I
Ren et al., 2012 32 560.2 436.6 32 147839 73306 27.64 -0.86 [-1.37, -0.35] —
Zhang et al., 2016 100 5072.5 20435 100 778326 3913 25.16 -0.77 [-1.086, -0.43] -
Total (95% C1) 100 0.12 [-0.85, 1.09] <P
Total 165 165

Heterogeneity: Chi* = 36.5, df =3 (P = 0); I = 91.8%; Tau’ = 0.82

& a . .
Test for overall effect (SMD): Z = 0.25 (P = 0.805) Control Nicotine

In a sensitivity analysis, excluding the study by Prange et al. (2018), the heterogeneity
of these studies was reversed and there was statistical significance between the groups (SMD:
-0.7295% CI: -0.95; - 0.59]; P<0.01; I> = 0%; P = 0.42). Similarly, the other 6 articles reported
a statistically significant hyperactivity in D. melanogaster exposed to cocaine (SMD = -1.11,

[95% CI: -1.81, -0.42], P = 0.002, 12 = 88%) (Fig. 3).

Figure 3 - Locomotor activity exposure of flies to Cocaine

Control Cocaine SMD SMD
Study N Mean SD N Mean SD  Weight (%) Fixed, 95% CI M-H, Fixed, 95% CI
Andreticetal., 1999 50 14 223 50 353 504 18.0 -0.55 [-0.95, -0.15] ——
Chang et al, 2006 20 16.7 253 20 376 210 16.4 -0.90 [-1.55, -0.25] _
Dimitrijevic, 2004 24 63 41 24 102 29 16.7 -1.09 [-1.71, -0.49] —_
Filosévic et al, 2018 32 0.3 0.2 32 1.3 0.5 15.9 -3.02 [-3.74, -2.29] -~
Lebestky, et al., 2009 20 391.2 1395 20 717.6 416.8 16.3 -1.05 [-1.71, -0.39] ——
Li, 2000 21 97 119 21 117 79 16.7 -0.19 [-0.81, 0.41] —
Total (95% Cl1) 100 -1.11[-1.81, -0.42] <o
Total 165 165
Heterogeneity: Chi’ = 41.5, df =5 (P = 0); I = 88.0%; Tau’ = 0.66 27 Control 0 Cocaine 27

Test for overall effect (SMD): Z = 3.14 (P = 0.002)

Behavior alterations of flies after exposure to drugs of abuse

Behavioral changes in flies were shown in a total of 7 articles with exposure to cocaine.

Of which, only 3 were suitable for meta-analysis. These 3 papers reported no statistically
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significant behavioral changes in flies followed by cocaine exposure (RR = 0.5, [95% CI: 0.24,

1.03], P=0.06, I2 = 88,3 %, P = 0.00) (Fig. 4).

Figure 4 - Behavioral changes in flies with exposure to cocaine

Cocaine 1 Cocaine 2 RR RR
study Events Total Events Total Weight (%)  Fixed, 95% CI M-H, Fixed, 95% CI
Li, 2000 25 125 101 125 37.93 0.84 [0.73, 0.98] —
McClung, 1999 11 80 43 20 30.94 0.26 [0.14, 0.46] ———=—
Park, 2000 12 52 24 52 31.12 0.50 [0.28, 0.89] —_—
Total (95% CI) 100 0.49 [0.24, 1.03]
Total 108 257 168 257

Heterogeneity: Chi’ = 17.15, df = 2 (P = 0); I’ = 88.3%; Tau’ = 0.36
Test for overall effect (RR): Z=1.88 (P =0.08)

.

0.142

Survival of flies after exposure to drugs of abuse

Cocaine 1

. 7.02
Cocaine 2

The percentage of fly survival was observed in a total of 14 articles that evaluated

exposure to nicotine (n = 13), cocaine (n = 1), and marijuana (n = 2). Out of that, only 2 studies

on nicotine exposure, presenting 2 comparison groups (exposed and not exposed), were

included in the meta-analysis. These 2 articles showed a decrease in the percentage of survival

(not statistically significant) following the exposure of D. melanogaster to nicotine (RR =2.03,

[95% CI: 0.99, 4.13], P = 0.051, 12 = 95.2%) (Fig. 5).

Figure 5 - Survival of flies after exposure to nicotine

Total 583 G600 373 600

Control Nicotine RR RR
Study Events Total Events Total Weight (%)  Fixed, 95% CI M-H, Fixed, 95% CI
Fujiwara et al., 2011 500 200 348 500 52.25 1.43 [1.35, 1.52] —
Velazquez, 2017 89 100 30 100 47.75 2.97 [2.18, 4.03]
Total (95% Cl) 100 2.02 [0.99, 4.13] '."
.

Heterogeneity: Chi’ = 20.7, df = 1 {P = 0); I’ = 95.2%; Tau’ =0.25
Test for overall effect (RR): 2= 1.95 [P = 0.051)

4 .
Nicotine

Control
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Finally, two articles included that addressed the ET50 variable met the criteria for meta-

analysis. These studies showed an increase in time to 50% eclosion (not statistically significant)

after exposure of the flies to nicotine (SMD =-3.35, [95% CI: -7.77, 1.08], P=0.14,12 =94.4 %)

(Fig. 6).

Figure 6 - ET50 of flies after exposure to nicotine

Control Nicotine

SMD SMD
Study N Mean SD N Mean SD  Weight (%) Fixed, 95% CI M-H, Fixed, 95% Cl
Morris, 2018 95 115 043 95 125 107 52.66 -1.21 [-1.52, -0.89] +
Velazquez-Ulloa, 201 10 9.7 022 10 105 0.22 47.34 -5.72 [-7.79, -3.66] =t

Total (95% C1) 100 -3.35 [-7.77, 1.08] ‘
Total 105 105

Heterogeneity: Chi’ = 17.99, df = 1 (P = 0); I° = 94.4%; Tau® = 9.65 T

Test for overall effect (SMD): Z = 1.48 (P = 0.14)

Control Nicotine



Table 4. Analysis of the study quality according to the modified CAMARADES tool

Author Year 1 2 3 4 5 6 7 8 9 10 Qualityscore

Cocaine exposure in Drosophila melanogaster

Mcclung and Hirsh 199 Y N Y Y Y Y Y N Y N 7
Torres and Horowitz 1996 ¥ Y Y Y Y Y Y Y Y N 9
Mcclung and Hirsh 1999 Y Y Y Y Y Y Y N Y N 8
Andretic et al. 1999 Y N Y N Y Y Y Y Y N 7
Bainton et al. 2000y Y Y N Y Y Y Y Y N 8
Park et. al. 2000y Y Y N Y Y Y N Y N 7
Lietal. 2000y Y Y Y Y Y Y N Y N 8
Dimitrijevic et al. 2004 Y Y Y Y Y Y Y Y Y N 9
Tsai et al. 20046 Y Y Y Y Y Y Y Y Y Y 10
Bainton et al. 2006060 Y Y Y Y Y Y Y N Y N 8
Lease and Hirsh 200060y Y Y Y Y Y Y Y Y N 9
Chang et al. 2006 Y NY Y Y Y Y Y Y N 8
Sedore willard et al. 20060 Y Y Y Y Y Y Y Y Y N 9
Hardie et al. 2000 Y Y Y Y Y Y Y N Y N 8
Lebestky et al. 2000 Y Y Y Y Y Y Y Y Y N 9
Gakamsky et al. 2033 Y Y Y Y Y Y Y Y Y N 9
FiloSevic et al. 20860 Y Y Y Y Y Y Y Y Y N 9
Philipsen et. al. 2008 Y N Y Y Y Y Y Y Y N 8
Philipsen et. al. 2000 Y Y Y Y Y Y Y Y Y Y 10
Baker et. al. 2022 Y Y Y Y Y Y Y Y Y Y 10
Nicotine exposure in Drosophila melanogaster

Carrillo and Gibson 2000 Y Y NY Y Y Y N Y N 7
Hou et. al. 200400 Y NY N Y Y Y Y Y N 7
Passador-Gurgelet.al. 2007 Y N Y Y Y Y Y Y Y Y 9
Gui and Grant 20060 Y Y NY Y Y Y Y Y N 8
Hamatake et al. 2000 Y Y Y Y Y ¥ N N Y N 7
Fujiwara et al. 2011 Y Y Y Y - Y N Y Y N 7
Liet. al. 202 Y Y Y Y Y Y Y Y Y N 9
Ren et al. 2012 Y Y Y Y Y Y Y Y Y Y 10
Chambers et. al. 203 Y Y Y Y Y Y Y Y Y N 9
Fuenzalida-Uribeet.al. 2013 Y Y Y Y Y Y Y N Y Y 9
Hill-Burns et. al. 2033 Y Y Y Y Y Y Y Y Y Y 10
Sadiqg and Altaany 203 Y Y Y Y Y Y Y Y Y Y 10
Marriage et. al 204 Y Y Y Y Y Y Y Y Y N 9
Sanchez-Diaz et. al. 2005 Y Y Y Y Y Y Y Y Y Y 10
Uchiyama et al. 2005 Y Y Y Y Y Y N N N Y 7
Zhang et. al. 206 Y Y Y Y Y N Y Y Y Y 9
Highfill et. al. 206 Y Y Y Y - Y Y Y Y N 8
Velazquez-Ulloa 2007 Y Y Y Y Y Y Y Y Y N 9
Prange et. al. 2018 Y NY Y Y Y N Y Y Y 8
Morris et. al. 20860 Y Y Y Y Y Y Y Y Y Y 10
Macdonald and Highfill 2020 Y N Y Y - Y Y Y Y Y 8
Santalla et. al. 221 Y Y Y Y N Y Y Y Y Y 9



Carvajal-Oliveroset.al. 2021 'Y Y Y Y Y Y Y Y
El-Merhie et. al. 2021 Y Y Y Y Y Y Y Y
Mannett et. al. 2022 Y Y Y Y Y Y Y Y
Sirocko et. al. 2022 Y Y Y Y Y Y Y Y
Marijuana exposure in Drosophila melanogaster

Lee et. al. 2000 Y Y Y Y Y Y N Y
Lee at. al. 2011 ' Y N Y Y Y Y N Y
GOmez et. al. 209 Y Y Y Y Y Y Y Y
Yejin Ahn et. al. 2021 Y Y Y Y XY Y Y vy
Vitorovic et. al. 221 Y Y Y Y - Y Y Y

<< <<

<< < < <

<< <<

<< X Z2 Z2
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10
10
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10

1) Peer reviewed publication;

2) Control of temperature;
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3) Description of the strain in the control and exposed groups;

4) Description of age in the control and exposed groups;

5) Description of and sex (only for adult) in the control and exposed groups;
6) Frequency and duration of exposure to drugs of abuse;

7) Dose of abuse drugs for exposure;

8) Control group (not exposed to drugs of abuse) for comparison;

9) Sample number;

10) Statement of potential conflict of interests.
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4 DISCUSSION

For the first time, a systematic review and meta-analysis showed the effects of
psychoactive drugs and their underlying mechanisms on the development and behavior of D.
melanogaster. The reduced number of articles on marijuana, tobacco and cocaine, the
heterogeneity of the studies and the insufficient number of articles describing the variables
included made it difficult to perform a meta-analysis for all variables.

Locomotor activity was increased after nicotine exposure in D. melanogaster (not
statistically significant) (Hou et al. 2004; Ren et al. 2012b; Zhang et al. 2016). However, one
study used chronic exposure and a high dose of nicotine, indicating the heterogeneity of the
articles (Prange et al. 2018). By excluding this study to analyze sensitivity, it was possible to
reverse the heterogeneity, indicating that flies show locomotor hyperactivity when exposed to
nicotine (P < 0.05; Fig. 2). The heterogeneity of the routes of administration, nicotine
concentration and the exposure time was a limiting factor in these studies. Similarly, cocaine
exposure also increased locomotor activity in D. melanogaster (Andretic 1999; Li et al. 2000;
Dimitrijevic et al. 2004; Chang et al. 2006; Lebestky et al. 2009; FiloSevi¢ et al. 2018). Although
we observed a significant result in the meta-analysis (P < 0.05; Fig. 3), the high heterogeneity
of the studies is undeniable, due to the use of different routes of administration, cocaine
concentration and strains. Concentration-dependent exposure to cocaine caused a transient
increase in locomotor activity, representing an acute dose sensitivity. Interestingly, the increase
in locomotion occurred at the lowest doses tested, intensifying with a second exposure
(Filosevic¢ et al. 2018). Therefore, our analysis indicated that exposure to nicotine and cocaine
1s capable of potentiating locomotor behavior.

The increase in locomotor activity observed in flies exposed to cocaine may be
influenced by mutations in the expression of several genes (FiloSevi¢ et al. 2018). OregonR
flies mutated for the per gene showed no locomotor changes when exposed to cocaine (75 pg),
unlike non-mutant flies (Andretic 1999). In view of this, biological clock genes (such as per)
seem to be involved in cocaine sensitization in Drosophila. In contrast, another study observed
that cocaine injection (200 pmol per fly) promoted a dose-dependent increase in locomotor
activity in period null (per0) mutant flies, similarly to wild-type Canton S flies, without
producing sensitization when submitted to repeated injections of cocaine (Dimitrijevic et al.
2004) . Furthermore, the LIM-only (LMO) gene is able to encode a protein regulator of the LIM
homeodomain and its mutation can alter cocaine sensitivity in Drosophila. When LMO function
is decreased, an increase in the behavioral responses to cocaine is observed, however the

overexpression of this gene reduces the responsiveness to cocaine (Tsai et al. 2004). Therefore,
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circadian rhythms may be involved in the control of cocaine responsiveness and sensitivity.

A change in locomotor parameters after cocaine exposure was also observed by the
negative geotaxis test. Drosophila Canton-S treated with cocaine (100 to 500 pg) shows
abnormal locomotion in the negative geotaxis test, with a dose-dependent reduction in this
response compared to control flies (Bainton et al. 2000). Reduced climbing ability due to
volatilized cocaine was also seen in Male flies carrying the X-linked EP1529 insertion
(Drosophila mutants with more rapid responses to volatilized free base cocaine), demonstrating
cocaine sensitization. This indicates that this drug is capable of generating significant
behavioral changes, especially regarding the locomotion and sensitization of Drosophila
(Bainton et al. 2005).

The motor-activating effects of cocaine are sexually dimorphic and require a functional
dopaminergic transporter (FiloSevi¢ et al. 2018). One study showed that male Canton S flies
exposed to agude cocaine (0.53 pL) had a slowing in the climbing response, a fact not verified
in females. In addition, males and females exposed to cocaine showed a lower rate of
locomotion when compared to controls, which can be attributed to an increase in the frequency
of grooming, especially in exposed males (Baker et al. 2021). Similarly, using male Drosophila
from different strains (Oregon R (WT); Ddc-GAL4; UAS-DVMAT), another study observed
that exposure to volatilized cocaine (200 mg) also reduced the climbing response of flies when
compared to WT. These negative effects on the climbing response were also observed in Lmo
mutant flies (Tsai et al. 2004).

Some studies have evaluated behavioral sensitization, a behavior that is defined as an
increased motor-stimulant response due to repeated and intermittent exposure to most drugs of
abuse, such as cocaine. For this, flies were exposed to 2 doses of cocaine separated by an
interval of 6 h (McClung and Hirsh 1999; Li et al. 2000; Park et al. 2000). Regarding the second
exposure to cocaine, no significant change was observed in our analysis (P > 0.05; Fig. 4) due
to the heterogeneity of the studies. However, when looking at the studies in isolation, there is
an increased response of behavioral changes (rapid twirling, erratic jumping, or paralysis)
related to the second exposure to cocaine. An interesting study showed that inactive mutant (iav)
male flies, which have a low level of octapamine in the central nervous system, failed to
sensitize to cocaine in contrast to wild-type flies (McClung and Hirsh 1999). However, the
response to initial cocaine exposure was maintained in both strains. Based on these results, the
authors suggested that octopamine is not required for sensitization (McClung and Hirsh 1999).

Some signaling pathways have been associated with sensitization to cocaine exposure

in Drosophila. PKA signaling pathway appears to play a pivotal role in modulating responses
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to chronic cocaine administration in Drosophila flies. Changes in this pathway have already
been related to lower sensitization and locomotor activity, requiring higher doses to induce
behavioral change without promoting sensitization (Park et al. 2000).

The aminergic signaling pathways are also the target of research that seeks to establish
their relationship with cocaine use. Increased aminergic signaling is known to exacerbate
locomotion in flies, presumably due to a higher concentration of extracellular amine
(Yamamoto and Seto 2014). Furthermore, the number of monoamine neurotransmitters,
including dopamine (DA) and serotonin (SHT), can be modulated in mammals by vesicular
monoamine transporters (VMATs) (Aggarwal and Mortensen 2017). It is known that a number
of Drosophila behaviors can be regulated by DA and SHT (Vallés and White, 1988; Yellman et
al., 1997). Interestingly, one study showed that Drosophila isoform of VMAT (DVMAT)
overexpression, expressed in dopaminergic and serotonergic neurons, can increase locomotor
activity and grooming behavior (Chang et al. 2006). These authors observed that the use of
inhibitors of DVMAT activity and DA receptors can reverse these behaviors. Similarly, another
study fed cocaine to DA receptor mutant flies (DopR) and also observed the centrality of
biogenic amines in the effects of cocaine on Drosophila (Lebestky et al. 2009). Furthermore,
cell signaling modulated in dopaminergic and serotonergic neurons were also related to
sensitization behavior (Li et al. 2000). The expression of a stimulatory (s) or inhibitory (i) G
alpha subunit, or of the tetanus toxin (TNT) light chain in dopaminergic and serotonergic
neurons of flies was able to block the sensitization behavior to repeated exposure to cocaine.
However, these authors found that repeated exposures to cocaine were not sufficient to generate
sensitization. In other words, understanding the signaling pathways underlying drug abuse
exposure is crucial to supporting behavioral changes.

When we analyzed the effect of nicotine exposure on survival parameters (P > 0.05; Fig.
5) and time to 50% eclosion (ET50; P > 0.05; Fig. 6), no statistical difference was observed in
the meta-analysis. This result can be supported by the heterogeneity of the studies, since there
are different types of strains, exposure time and administration routes. Typically, high mortality,
developmental delay and reduced birth weight have been observed in humans and rodents due
to nicotine exposure (Cornelius and Day 2000) Rehman et al., 2021; Rupprecht et al., 2018;
Siqueira, 2017). Using Drosophila larvae (3rd stage) exposed to environmental cigarette smoke
for 2, 4, or 6 h, one study showed that larval survival to adulthood was reduced as exposure
time increased (Fujiwara et al. 2011). According to these authors, the metamorphosis from larva
to pupa was inhibited, making it difficult to reach the adult stage. Although the type, dose, route

and frequency of exposure were different, other studies reported similar outcomes (Velazquez-
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Ulloa 2017; Morris et al. 2018). The Velasquez-Ulloa study exposed Drosophila flies
throughout development, from egg to 2 days after eclosion, to a food with an increasing
concentration of nicotine (0.1 — 0.4 mg/ml). This researcher observed that higher concentrations
of nicotine (0.3 and 0.4 mg/ml) gradually reduced the survival rate by 16 days after egg-laying,
because of the lethality in the larval, not the pupal, stages (Velazquez-Ulloa 2017). In addition,
a developmental delay (ET50 > 10.5 days) proportional to increasing nicotine concentrations
was also observed in this study. Similarly, in another study of this group, using the same dose,
route and exposure time, the authors observed the same changes (Morris et al. 2018). Although
our analyzes regarding survival and ET50 were not significant, nicotine exposure promotes
changes in these parameters when the studies are evaluated individually.

Studies with exposure to marijuana did not present a profile for meta-analysis due to the
low rate found in the databases that met the pre-established inclusion criteria (Lee et al. 2010;
Lee et al. 2011; Gomez et al. 2019). However, exposure of Drosophila flies to marijuana
promotes changes in parameters not discussed above. Marijuana exposure can lead to some
cardiovascular changes. Studies in patients show that exposure to smoked marijuana induces
heart rhythm abnormalities (Johnson and Domino 1971; AKINS and AWDEH 1981; Singh
2000; Kosior et al. 2001; Fisher 2005; Rezkalla and Kloner 2019). In a study with Drosophila,
exposure to marijuana vapor (two daily doses of 15 minutes for 5, 6-8 or 11-13 days)
potentiated the arrhythmicity index (6-8 days) early and transiently, an effect not observed at
long term (11-13 days) (Gémez et al. 2019). Based on these data, short-term exposure appears
to be deleterious because of the arrhythmic patterns of cardiac activity associated with increased
fly mortality. Possibly, these heart arrhythmias are an initial response as an adaptive mechanism
in order to reach a steady state after cannabis consumption (Gémez et al. 2019). In addition,
these authors observed a high contractility in the longer period of exposure to marijuana,
without changing the heart rate. Corroborating this data, they found an increase in the amplitude
of the calcium transient, but without altering the accumulation of calcium in the sarcoplasmic
reticulum, the fractional release, the activity of the sarcoplasmic reticulum calcium ATPase
pumpe and sodium/calcium exchanger in the Drosophila heart.

Studies with hempseed were also included in our analysis due to the low number of
papers found that matched the eligible inclusion criteria. Hempseed (Cannabis sativa L.) has
shown benefits for nutrition and health, with a pharmaceutical potential, which has increased
the interest in its consumption by the population in several countries (Leonard et al. 2020;
Cerino et al. 2021). In contrast to marijuana, hempseed contains a very small amount of

tetrahydrocannabinol (THC), which promotes the psychotropic effects of Cannabis (Jang et al.
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2020). A study with hempseed meal (HSM) intake in Drosophila showed an increase in the
body weight of flies, possibly due to the presence of cholesterol in the hempseed (Lee et al.
2010). Furthermore, these authors observed that HSM increased wing length, reduced pupation
and egg laying time, but survival and longevity remained unchanged. Finally, this same research
group showed in another study that HSM can be a strong alternative to treat cardiovascular

problems and neurodegenerative diseases such as Alzheimer's and Parkinson's (Lee et al. 2011).

CONCLUSION

Our results demonstrate that exposure to psychoactive drugs such as cocaine, nicotine
and marijuana causes morphological, developmental, behavioral and molecular changes. In the
meta-analysis, we observed that flies exposed to cocaine have greater locomotor activity.
Furthermore, from this review, it is evident that D. Melanogaster is a useful model for
understanding the mechanisms underlying the use of drugs of abuse. However, important
questions about drug use remain unanswered in flies. It would be interesting to use existing
assays to further study and then develop new and more complex behavioral assays using
females and offspring to answer new questions. We suggest that researchers better describe the
methodological design in their work, temperature, the strain used, sex, lifespan, etc. This will
facilitate the understanding of the work, the development of future reviews with meta-analysis
and the replication of methodologies.

However, our report can help researchers in the area design future experiments.
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CONCLUSAO GERAL

O uso abusivo de drogas continua a criar desafios na saude publica, levando a mortes
por overdose e outras condi¢cdes cronicas de saude (UNODC, 2022). Dentre as drogas
psicoativas, as mais utilizadas sao maconha, cocaina e crack (BASTOS, 2017). Nos ultimos
tempos ¢ observado um padrao de alto consumo de crack em mulheres em idade reprodutiva
(HESS; DE ALMEIDA, 2019). A exposi¢ao pré-natal ao crack pode ter efeitos significativos
no crescimento e no desenvolvimento neurolégico do bebé (SINGER; FARKAS; KLIEGMAN,
1992). A auséncia de estudos que esclarecessem os mecanismos subjacentes do uso do crack no
periodo gestacional motivou o nosso interesse em investigar na literatura sobre o tema. Nossa
primeira revisdo sistemdtica fornece evidéncias solidas dos efeitos deletérios do uso de crack
na saude da mae e do feto, confirmados por meta-analise. Tais efeitos adversos sdo evidenciados
em fetos expostos por pequeno para a idade gestacional, menor peso ao nascer, menor perimetro
cefalico, maior ocorréncia de descolamento prematuro placentario e parto prematuro(DOS
SANTOS et al., 2018). Esforcos crescentes devem ser feitos para compreender os resultados do
uso de crack, tanto para maes quanto para criangas, para abordar as consequéncias sociais ¢ de
saude desse comportamento. Os dados encontrados na literatura foram importantes informagdes
para o desenvolvimento de pesquisas pré-clinicas realizadas pelo nosso grupo, as quais deram
o ponta pé inicial para preencher as lacunas existentes sobre os mecanismos do
crack(PACHECO et al., 2021).

Apesar de o modelo em roedor ser muito bem estabelecido, algumas questdes podem
ser mais facilmente estudadas em drosophila melanogaster. Nossa segunda revisdo, a qual deu
subsidio para o desenvolvimento de um estudo importante em nosso grupo (dados nao
publicados), demonstra de forma evidente que D. Melanogaster ¢ um modelo util para entender
0s mecanismos subjacentes ao uso de drogas de abuso. Nossos resultados demonstram que a
exposi¢do a drogas psicoativas como cocaina, nicotina e maconha causa alteragdes
morfoldgicas, de desenvolvimento, comportamentais e moleculares. Na metanalise,
observamos que as moscas expostas a cocaina apresentam maior atividade locomotora
(ANDRETIC, 1999; CHANG et al., 2016; DIMITRIJEVIC; DZITOYEVA; MANEYV, 2004,
FILOSEVIC; AL-SAMARAIL; ANDRETIC WALDOWSKI, 2018; LEBESTKY et al., 2009; LI
et al., 2000). A maioria das varidveis foram discutidas de forma qualitativa, devido ao estudo
correspondente nao ser elegivel para a metanalise. A especificidade de cada estudo promoveu
delineamentos experimentais bem diferentes, o que contribuiu para a heterogeneidade entre eles.
Porém, fazendo uma analise nos estudos, ¢ observado que doses baixas de nicotina causam

aumento da atividade locomotora (HOU et al., 2004; REN et al., 2012; ZHANG et al., 2016) e
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doses altas causam diminui¢do (PRANGE et al., 2018). Apesar de ndo ser estatisticamente
significante, ainda hd uma notavel diminui¢do no percentual de sobrevida (FUJIIWARA et al.,
2011; VELAZQUEZ-ULLOA, 2017) e aumento no tempo para 50% de eclosdo apds a
exposi¢ao a nicotina (MORRIS et al., 2018; VELAZQUEZ-ULLOA, 2017). Além disso,
também nao significativo, ha maior mudanga de comportamento quando ha exposi¢ado repetida
a cocaina (li 2000, mclung 1999, park 2000).

Nosso trabalho pode ajudar pesquisadores da area a projetar experimentos futuros.
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