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ABSTRACT

Context: Depression is a severe mental illness caused by a deficiency of dopamine and serotonin.
Cannabis sativa L. (Cannabaceae) has long been used to treat pain, nausea, and depression.

Objective: This study investigates the anti-depressant effects of C. sativa (hemp) seed ethanol extract
(HE) in chlorpromazine (CPZ)-induced Drosophila melanogaster depression model.

Materials and methods: The normal group was untreated, and the control group was treated with CPZ
(0.1% of media) for 7 days. The experimental groups were treated with a single HE treatment (0.5, 1.0,
and 1.5% of media) and a mixture of 0.1% CPZ and HE for 7 days. The locomotor activity, behavioural
patterns, depression-related gene expression, and neurotransmitters level of flies were investigated.
Results: The behavioural patterns of individual flies were significantly reduced with 0.1% CPZ treatment.
In contrast, combination treatment of 1.5% HE and 0.1% CPZ significantly increased subjective daytime
activity (p<0.001) and behavioural factors (p <0.001). These results correlate with increased transcript
levels of dopamine (p<0.001) and serotonin (p <0.05) receptors and concentration of dopamine
(p < 0.05), levodopa (p < 0.001), 5-HTP (p < 0.05), and serotonin (p < 0.001) compared to those in the con-
trol group.

Discussion and conclusions: Collectively, HE administration alleviates depression-like symptoms by mod-
ulating the circadian rhythm-related behaviours, transcript levels of neurotransmitter receptors, and
neurotransmitter levels in the CPZ-induced Drosophila model. However, additional research is needed to
investigate the role of HE administration in behavioural patterns, reduction of the neurotransmitter, and
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signalling pathways of depression in a vertebrate model system.

Introduction

Depression is one of the most prevalent mental disorders and
causes significant difficulties and disabilities, affecting people’s
thoughts, emotions, behaviour, physical functioning, and overall
quality of life (Keles et al. 2020). Symptoms of depression
include fatigue, concentration difficulties, sleep disorder, and
changes in weight or appetite. The major causes of depression
reported are functional imbalances and deficiencies of mono-
amine-based neurotransmitters, including dopamine, serotonin,
and norepinephrine (Dean and Keshavan 2017; Brennenstuhl
et al. 2019). The regulation of dopamine levels in the prefrontal
cortex is a target of many pharmacological treatments and nat-
ural substances in the treatment of depression. The prefrontal
cortex is regulated by the neurotransmission of catecholamines
and incorporates cognitive and information.
Upregulation of dopamine receptor D1 due to low levels of
dopamine in the prefrontal cortex is a remarkable factor for
depression (Lavergne and Jay 2010). Several studies have demon-
strated that dopamine metabolites and receptors in both

emotional

cerebrospinal fluid and brain regions affect mood and motivation
(Dunlop and Nemeroft 2007).

Anti-depressants typically work by blocking the reuptake of
certain neurotransmitters (norepinephrine, serotonin, and dopa-
mine) to the post-synaptic neuron. Anti-depressants that are
mainly used are monoamine oxidase inhibitors which improve
the function of monoamine transporters, and tricyclics that
increase the levels of norepinephrine and serotonin (Thanacoody
2020). Recently, selective serotonin reuptake inhibitors, such as
fluoxetine (Prozac), which selectively act on the serotonin sys-
tem, are being used (Kumar and Sharma 2020). However, these
medications have shown negative side effects, such as sexual dys-
function, vomiting, diarrhoea, constipation, gastrointestinal dis-
orders, loss of appetite, dry mouth, anxiety, and insomnia (Ries
et al. 2017). Therefore, many people are seeking naturally derived
anti-depressants.

Several natural products, such as Hypericum perforatum L.
(Hypericaceae), Rhodiola rosea L. (Crassulaceae), Vitis vinifera L.
(Vitaceae), and Bupleurum falcatum L. (Apiaceae), have been
known to be effective in depression (Nathan 2001; Kurkin et al
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2006; Kwon et al. 2010; Xu et al. 2010). Further, polyphenols
(such as chlorogenic acid, curcumin, resveratrol, and proantho-
cyanidins), flavonoids (such as rutin, tannin, and quercetin), and
cannabinoids (such as tetrahydrocannabinol, cannabichromene,
and cannabidiol) are known to alleviate depression (Noldner and
Schotz 2002; Anjaneyulu et al. 2003; Kulkarni et al. 2008; El-Alfy
et al. 2010; Xu et al. 2010; Pathak et al. 2013; Chandrasekhar
et al. 2017; Zhu et al. 2019).

Previous studies have shown that depression can be regulated
by Cannabis sativa L. (Cannabaceae), which contains com-
pounds, such as antidepressants and anxiolytics, suggesting that
C. sativa extract is associated with cellular and molecular
changes in brain regions (de Mello Schier et al. 2014; Silote et al.
2019). C. sativa has long been recognized and valued as an
important source of food, fibre, and medicine throughout Asia,
India, and Russia since ancient times (Russo 2007). Cannabidiol
(CBD) is a major component of C. sativa and has anxiolytic,
antipsychotic, neuroprotective, and anti-depressant effects
(Campos et al. 2016; Ligresti et al. 2016). CBD reduces immobil-
ity time in a forced swim test (FST) of a trained helplessness
mouse model and decreases brain-derived neurotrophic factor
levels in the hippocampus and frontal cortex to a level similar to
that in imipramine (a positive control)-treated mouse (Reus
et al. 2011). In addition, CBD has been found to induce anti-
psychotic and anti-anxiety effects in preclinical and clinical stud-
ies (Zuardi et al. 1982, 2006; Resstel et al. 2006), improve
immune regulation, and cognitive function, and show anti-
inflammatory and neuroprotective effects (Weston-Green 2018).

In this study, hemp seed ethanol extract (HE) containing
CBD was used to evaluate its anti-depressant effect and mechan-
ism of action through gene expression of receptors in an inverte-
brate model. Drosophila melanogaster is a useful invertebrate
model for the discovery and development of early-stage synthetic
chemistry and natural products for human neurodegenerative
disorders, including Alzheimer’s, Huntington, and Parkinson’s
disease (PD) (Lee and Min 2015; Hood and Amir 2017; Bolus
et al. 2020). In Drosophila and humans, several neurobiological
processes are similar because they use the same neurotransmitter
and have similar neuronal signalling mechanisms (O’Kane 2011;
Bellen et al. 2010). PD is a movement disorder and is character-
ized by loss of dopaminergic neurons, and Drosophila’s dopa-
mine synthesis pathway is human-like (Aryal and Lee 2019; Chia
et al. 2020). Neurotoxin-treated flies induced a PD phenotype,
including decreased dopaminergic neurons and motor activity,
and increased oxidative stress (Shukla et al. 2014; Cassar et al.
2015). Therefore, Drosophila is an effective model for studying
human diseases and screening potential therapeutic drugs,
including neurological disorders, such as sleep disorders
and depression.

Recent studies suggest that Drosophila has caused a depres-
sion-like state under chronic mild stress, vibration stress, and
drug treatment. (Jiang et al. 2017; Ries et al. 2017; Araujo et al.
2021). Unpredictable chronic mild stress (UCMS) in Drosophila
induced behavioural changes (anhedonia, aggression, immobility,
reduction mating) due to decrease of monoamine levels.
However, administration of y-oryzanol from rice bran oil relieves
symptoms of depression in fruit flies caused by UCMS through
changes in molecular and genetic factors (Ries et al. 2017).
Repeated vibration-stress in Drosophila also reduced voluntary
behavioural activity due to a lack of serotonergic neuron signals.
(Araujo et al. 2021). In addition, exposure to drugs, such as levo-
dopa (1-DOPA) or chlorpromazine (CPZ) induces a depression-
like phenotype in adult fruit flies, including decreased appetite,
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sexual activity, and serotonin levels. Major biochemical markers
associated with lipid peroxidation and oxidative stress are also
observed to change. Assessed using RNA-sequencing and quanti-
tative real-time polymerase chain reaction (qRT-PCR) experi-
ments, changes in gene expression associated with metabolic and
neurological disorders after CPZ exposure were reported (Jiang
et al. 2017). Thus, the anti-depressant effect of HE was con-
firmed by the CPZ-induced depression Drosophila model. HE
was extracted using 70% ethanol, and cannabinoid derivatives
were analyzed by high-performance liquid chromatography
(HPLC). Additionally, the anti-depressant effects of HE were
evaluated by measuring the locomotor activity, neurotransmitter-
related mRNA expression, and depression-related neurotransmit-
ter levels using a CPZ-induced D. melanogaster model.

Materials and methods
Materials

Cannabis sativa seeds were purchased the Organica (Chungju,
Republic of Korea) in 2019, and the sample was identified by
Professor Shin, Department of Food Science and Biotechnology,
Kyonggi University, South Korea. Voucher specimens (Cannabis
sativa L.: FSB-2019-04) were deposited at the same department.
For HPLC analysis, all solvents used were HPLC-grade and pur-
chased from Fisher Scientific (Cleveland, OH, USA). The canna-
binoids cannabidivarin (CBDV), cannabidiolic acid (CBDA),
cannabidivarinic = acid = (CBDVA), tetrahydrocannabivarin
(THCV), and A9-tetrahydrocannabinolic acid-A (THCA-A) were
purchased from Sigma-Aldrich (St. Louis, MO, USA). All other
chemicals and reagents were of the highest grade available.

Extraction of HE

Ethanol (70%) was added to hemp seed in a ratio of 1:10 (w/v)
and extracted three times at 25°C for 24 h. Then, the extract was
passed through a filter paper (6.5cm discs of Whatman No. 1)
and evaporated at 35°C using a rotary vacuum evaporator (V-
100; Biichi, Labortechnik, Germany). The ethanol extract was
lyophilized and stored at —20 °C for further experiments.

Drosophlia stocks

Wild-type Drosophila (Canton-S strain) were obtained from the
Bloomington Drosophila Stock Centre at Indiana University. The
flies were raised on standard medium (sucrose, cornmeal, dried
yeast, agar, propionic acid, and p-hydroxybenzoic acid methyl
ester solution) at 25+ 1°C with 60% relative humidity and a 12h
light: dark cycle. Before treatment, each sample of 3-day-old
male flies was collected under CO, anaesthesia. All Drosophila
were cultured with sucrose-agar media (5% sucrose and 2% agar)
for the experiment. CPZ and HE were dissolved in distilled water
and mixed with a sucrose-agar medium. CPZ (0.1% of medium)
was used to induce depression in Drosophila. In all experiments,
the normal group was untreated, and the control group was
treated with 0.1% CPZ. In the locomotor activity assay, 0.5, 1.0,
and 1.5% HE were mixed with 0.1% CPZ to analyze the effect of
HE according to the concentration. In behavioural tests, gene
expression analysis, and HPLC assay, various concentrations of
single HE treatment (0.5, 1.0, and 1.5%) and a mixture of 0.1%
CPZ and 1.5% HE were used to evaluate the antidepressant effect
of HE.
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Cannabinoids and depression-related
neurotransmitters analysis

CBDV, CBDA, CBDVA, THCV, and THCA-A were dissolved in
methanol and then determined using a previously described
HPLC method (Mandrioli et al. 2019). Six-point standard cali-
bration curves for five cannabinoids were prepared at concentra-
tions ranging from 6.25 to 200 pg/mL. Each cannabinoid in HE
was measured using a Water Alliance HPLC system (Waters,
Milford, MA, USA) equipped with a Meteoric Core C18 BIO col-
umn (4.6 x 150 mm, 2.7 pm; YMC, Kyoto, Japan) and a photo-
diode detector. The mobile phase was 91% acetonitrile with
0.05% trifluoroacetic acid, and the flow rate was 0.5 mL/min. The
detect wavelength of cannabinoids was 217 nm.

Analysis of depression-related neurotransmitters levels was
performed by HPLC-fluorescence detection (FD) according to a
previously reported method (Denno et al. 2015). All the experi-
ments were performed in triplicate (50 flies per replicate). Then,
the head of the flies was removed from the body and homogen-
ized in 200 pL phosphate-buffered saline (pH 7.4). The hom-
ogenate was ultrasonicated for 15min and then centrifuged at
12,000 x g for 15min at 4°C. The supernatant was left on ice for
5min and then analyzed by HPLC-FD. Sample aliquots (20 puL)
were injected into a Waters Alliance 2695 HPLC system
(Waters) equipped with a Waters 2475 Multi-A fluorescence
detector. The analytical column was a YMC-Pack Pro C18 col-
umn (250 X 4.6 mm, 5pm; YMC), and the temperature was con-
trolled at 35°C. Detection was performed at excitation and
emission wavelengths of 270 and 320 nm, respectively. For the
analysis of epinephrine, dopamine, 1-DOPA, the mobile phase
was acetate buffer (pH 4.0, 12mM acetic acid, 0.26 mM
Na,EDTA)-methanol (86:14, v/v) and run at a flow rate of
1.0 mL/min for 20 min. In addition, analysis of 5-hydroxytrypto-
phan (5-HTP) and serotonin was performed using a mobile
phase of acetate buffer (pH 4.0, 12mM acetic acid, 0.26 mM
Na,EDTA)-methanol (90:10, v/v) and run at a flow rate of
0.5mL/min for 60 min. The concentration of the prepared stand-
ard solutions ranged from 12.5 to 200 ng/mL.

Locomotor activity assay

For the Drosophila activity monitoring (DAM) system
(TriKinetics, Waltham, MA, USA), that is for analysis of behav-
iour patterns, flies were kept in individual glass tubes and sub-
jected to a 24h adaptation period. All recordings were
performed for 7 d under constant darkness at 24+1°C. The
experiments were performed in triplicate (10 flies per replicate).
Data were recorded using the DAM management software
(TriKinetics) with controls for environmental stimuli, such as
sound and light. The number of infra-red detector interruptions
at each time interval was recorded and visualized using
Actogram ] software (NIH, Bethesda, MD, USA). The actograms
were used to visualize circadian rhythm by measuring the total
activity divided by subjective daytime and night-time. Subjective
daytime and night-time indicate the day (10:00-22:00) and night
(22:00-10:00) phases, respectively. The locomotor activity was
recorded at 1min intervals to measure behaviour, and the sub-
jective daytime and night-time activities were the sums of the
total number of movements observed during the day or night
periods, respectively. The total sleep time was calculated as the
sum of the total sleep during the subjective light and dark
phases. Sleep was defined as a period of uninterrupted behav-
ioural immobility and inactivity lasting more than 5min

(0 counts per min) (Hendricks et al. 2000). In addition, the
number of sleep episodes was counted and summed up (Ko
et al. 2016).

Behavioural tests

The open-field test (OFT) was performed using a video-tracking
system according to a previously reported method (Kaur et al.
2015). For the video-tracking system, the flies allowed to accli-
mate to the chamber for 1min, and 30 flies per group were
used. This was followed by a 5min observation period during
which their activities were recorded on the video track of a tape.
The chamber consisted of a circular arena (8 mm in diameter
and 0.1mm in height), with a white background. Multiple
parameters, including the total distance moved, velocity, the
number of episodes of activity and inactivity, and mobility were
assessed for the characterization of locomotor activity using the
Noldus EthoVision-XT system (Noldus Information Technology,
Netherlands). The distance moved was used as an estimate of the
general activity of flies, and the velocity of the movement was
measured as the walking speed of flies. D. melanogaster move-
ments were divided into ‘moving’ and ‘not moving’, and spatial
displacement thresholds were applied as a marker of activity
(centre point moving) and inactivity (centre point not moving)
according to a previously described method (Martin and Krantz
2014). ‘Moving’ was defined as movement over the speed of
0.1 cm/s, while ‘not moving’ was defined as movement below
0.05 cm/s. Mobility was defined based on changes in the pixels of
the sample and calculated independent of movement of the
centre point (Kaur et al. 2015).

gRT-PCR

The experiment was performed in a 12h light/dark cycle for 7 d
(3 d: adaptation and 7 d: experiment). Total RNA was extracted
from heads of 10-day-old flies using TRIzol reagent (Invitrogen,
CA, USA), while genomic DNA was isolated using RQ1 RNase-
free DNase I (Promega, WI, USA) according to the manufac-
turer’s protocol. All the experiments were performed in triplicate
(50 flies per replicate). The quality of RNA samples was deter-
mined by high optical density ratios (A260/A280 > 1.8), and 1 ug
of total RNA was reverse transcribed using SuperScript III
Reverse Transcriptase (Invitrogen) and oligo d(T) as the primer.
qRT-PCR was performed on the resulting cDNA using a Power
Tagman PCR Master Mix kit (Applied Biosystems, CA, USA).
For real-time PCR, the cycle conditions were 50°C for 2min,
95°C for 10 min, followed by 50 cycles of 95°C for 15s and
60°C for 1min. Quantitative analyses were conducted using
StepOne plus Software V. 2.0 (Applied Biosystems), and results
were normalized to a validated control gene, RpL32
(NM_001144655.3), using the AACy method (Livak and
Schmittgen 2001). The target genes examined using qRT-PCR
were as follows: Dopamine 1-like receptor 1 (DoplIRI,
NM_001170136.2) and 5-hydroxytryptamine receptor 1A (5-
HTIA, NM_166322.2).

Statistical analysis

All statistical analyses were performed using the Statistical
Package for Social Sciences version 12.0 (SPSS Inc., Chicago, IL,
USA). Differences between groups were evaluated using a one-
way analysis of variance and Tukey’s multiple comparison test at



a level of significance of p < 0.05. Different symbols indicate sig-
nificant differences at *p <0.05, **p <0.01, and **p < 0.001 vs.
normal group. Additionally, *p<0.05, **p<0.01, and
#H#4p < 0.001 vs. control group. All data are reported as mean-
+ standard error of the mean (SEM).

Results
Cannabinoids analysis in HE

The active compounds in hemp seed extract are known as can-
nabinoids. Analysis of cannabinoids in HE was confirmed by
HPLC. In Figure 1, peaks were identified by comparing the
retention time of HE to that of a standard solution. Figure 1
shows that HE contains CBDVA, CBDV, CBDA, and THCV
among the various cannabinoids. In addition, a high-resolution
mass spectrometer (HR-MS) was performed for accurate identifi-
cation of compounds. Mass fragmentation spectra in positive
mode are reported in Supplementary Figure 1. All cannabinoids
in HE were identified according to their chemical formula, reten-
tion time, molecular ion [M + H]", and mass accuracy (Appm)
(Supplementary Table 1).

Effects of HE on locomotor activity

The effects of HE were investigated by measuring the locomotor
activities of CPZ-treated flies using the DAM system. The results
revealed that 0.1% CPZ decreased movement during the subject-
ive daytime and disrupted the circadian rhythm of the flies; the
circadian rhythms were irregular in frequency (vertical axis) and
amplitude (horizontal axis) (Figure 2(A)). The CPZ-induced
reduction in activity increased most effectively on the 7th day of
HE administration (Figure 2(A)). Figures 2(B,C) showed that the
locomotor activity was combined and calculated over 7 d. The
activity of 0.1% CPZ-treated flies in the control group signifi-
cantly decreased during the subjective daytime compared to the
normal group (Figure 2(B); 0.82-fold; p < 0.035). The activity of
the control group seemed to increase during subjective night-
time compared to the normal group, and there was no signifi-
cant difference (Figure 2(C)). Flies administered the combination
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of HE and CPZ had reduced activity during the subjective night-
time compared to the control group. All concentrations of HE
(0.5, 1.0, and 1.5%) with CPZ decreased subjective night-time
activity in flies compared to the control (Figure 2(C); p < 0.050).

The effects of HE on the locomotor activities of CPZ-induced
flies on the 7th day are shown in Figure 3. The flies in the con-
trol group had significantly reduced locomotor activities during
the subjective daytime compared to normal (Figure 3(A); 0.67-
fold; p < 0.001), and significantly increased total sleep time of the
subjective daytime compared to normal (Figure 3(B); 1.25-fold;
p <0.035). Flies administered with 1.5% HE and CPZ showed
significantly different subjective daytime (Figure 3(A); p < 0.002)
and night-time activity (Figure 3(C); p < 0.001) compared to
those in the control group. In the CPZ-induced depression
model, when 1.5% HE was administered, locomotor activity dur-
ing the subjective daytime significantly increased by 1.49-fold
compared to control (Figure 3(A); p < 0.002). In addition, during
the subjective night-time, 1.5% HE administration significantly
decreased the locomotor activity and number of sleep episodes
by 0.56- and 0.46-fold, respectively, compared to control (Figures
3(C,E); p<0.001).

Effects of ethanol extract from HE on behavioural patterns

The effect of HE on behavioural changes in fruit flies was meas-
ured using the Noldus EthoVision-XT system. This assay meas-
ured several factors, such as distance moved, velocity, movement
(moving and not moving), and mobility during the subjective
daytime period. As shown in Figures 4(A-C,E), the distance
moved (Figure 4(A); p <0.001), velocity (Figure 4(B); p < 0.001),
moving (Figure 4(C); p<0.001), and mobility (Figure 4(E);
p <0.001) were significantly reduced in the 0.1% CPZ-treated
control group compared to the normal group. In contrast, the
inactivity (centre point not moving) of flies in the control group
was significantly increased compared to that of flies in the nor-
mal group (Figure 4(D); p<0.001). In only 1.5% HE-treated
group, the distance moved, velocity, moving, and immobility
time was similar to those in the normal group. However, admin-
istration of 1.5% HE and CPZ significantly increased the distance
moved (2.19-fold), velocity (2.19-fold), moving (2.28-fold), and
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Figure 1. High performance liquid chromatography for cannabinoids in hemp seed ethanol extract (HE). (A) Standard cannabinoids and (B) cannabinoids in HE. 1: can-
nabidivarinic acid; 2: cannabidivarin; 3: cannabidiolic acid; 4: tetrahydrocannabivarin; and 5: tetrahydrocannabinolic acid-A.
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(A) Typical actograms of individual flies
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Figure 2. Effects of hemp seed ethanol extract (HE) on the locomotor activity of CPZ-induced Drosophila melanogaster depression model. This experiment was per-
formed under constant darkness for 7 days. Average activity in a 30 min interval was calculated over 7 days. (A) Typical actograms of individual normal flies, control
flies exposed to 0.1% CPZ, and flies exposed to different doses of HE and 0.1% CPZ. Locomotor activity during subjective (B) daytime and (C) night-time assessed
using the Drosophila Activity Monitor system. Black and white bars on top of the actograms indicate dark and light, and the dark was 22:00-10:00 and the light phase
was 10:00-22:00, respectively. Data are expressed as mean + standard error of the mean (SEM) for each group (n=10). Different symbols indicate significant differen-
ces at *p < 0.05 vs. normal group, and *p < 0.05 vs. control group. CPZ: chlorpromazine.

mobility (1.27-fold) compared to the control group (Figures
4(A-CE); p<0.001). Additionally, the inactivity of flies (0.49-
fold) significantly decreased compared to that in the control
group (Figure 4(D); p<0.001). In particular, the movements
(moving and not moving) of flies treated with 1.5% HE and CPZ
were similar to those in the normal group (Figures 4(C,D)).

Effects of HE on mRNA expression

The effects of HE on the mRNA expression of DopIRI1 and 5-
HTIA (serotonin receptor) are shown in Figure 5. Although not
statistically significant, transcript levels of DopIRI1 were seemed
to be lower in the CPZ-treated control group than the normal
group (Figure 5(A); p <0.720). The transcript levels of 5-HTI1A
in the control group were significantly lower than that those of
the normal group (Figure 5(B); p <0.045). The DopIRI tran-
script levels in the HE treatment groups (0.5, 1.0, and 1.5%) sig-
nificantly increased compared to those in the normal group
(p<0.030 and p < 0.006, respectively). In contrast, the 5-HTI1A
levels in the HE treatment groups were similar to those in the
normal group. Further, the flies administered 1.5% HE and CPZ
had significantly increased transcript levels of DopIRI (3.19-fold;
p<0.001) and 5-HTIA (1.08-fold; p < 0.045) compared to those
in the control group (Figure 5). In particular, the DopIRI

transcript levels in the 1.5% HE and CPZ-treated group were
higher than those in the 1.5% HE-treated group, despite
CPZ treatment.

Effects of HE on depression-related neurotransmitters levels

The levels of depression-related neurotransmitters including epi-
nephrine, L-DOPA, dopamine, 5-HTP, and serotonin, were ana-
lyzed by HPLC in the head of Drosophila (Figure 6). The
epinephrine levels seemed to be lower in the control group than
in the normal group, although the difference was not significant
(Figure 6(A); p <0.705). Dopamine (Figure 6(B); p < 0.003) and
L-DOPA (Figure 6(C); p < 0.001) levels were significantly lower
in the CPZ-treated control group than in the normal group.
Conversely, there was a dose-dependent increase in L-DOPA and
dopamine levels in the HE treatment groups (0.5, 1.0, and 1.5%)
and significantly increased L-DOPA levels in the 1.5% HE-treated
group compared to the normal group (Figures 6(B,C); p < 0.001).
Meanwhile, 1.5% HE and CPZ-treated flies had significantly
increased dopamine (1.41-fold; p <0.036) and 1-DOPA (1.38-
fold; p < 0.001) levels compared to those in the control group
(Figures 6(B,C)). Particularly, 1-DOPA levels in 1.5% HE and
CPZ-treated flies were similar to those in the flies of the normal
group (Figure 6(C)). In addition, 5-HTP (Figure 6(D); p < 0.001)
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mean +standard error of the mean (SEM) for each group. Different symbols indicate significant differences at *p < 0.05, and ***p <0.001 vs. normal group, and
*p < 0.05, ¥*p < 0.01, and ***p < 0.001 vs. control group. CPZ: chlorpromazine.
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Figure 4. Effects of hemp seed ethanol extract (HE) on locomotor ability in CPZ-induced Drosophila melanogaster depression model. (A) Distance moved, (B) velocity,
(C) moving, (D) not moving, and (E) mobility of normal group, control group and treatment groups using the open field test. After 7 days of HE and/or chlorpromazine
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and serotonin (Figure 6(E); p < 0.040) levels were significantly
decreased in the control group compared to the normal group.
In contrast, flies administrated with 1.5% HE and CPZ showed

significantly increased the 5-HTP (1.21-fold; p < 0.001) and sero-
tonin (1.13-fold, p < 0.045) levels compared to the control group
(Figures 6(D,E)). In only 1.5% HE-treated group, serotonin levels
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Figure 6. Effects of hemp seed ethanol extract (HE) on levels of depression-related neurotransmitters (epinephrine, dopamine, (-DOPA, 5-HTP, and serotonin) in
Drosophila melanogaster heads. After 7 days of HE and/or CPZ administration, the head of D. melanogaster was homogenized, and the levels of catecholamines in the
homogenates were estimated. Data are expressed as mean = standard error of the mean (SEM) for each group. Different symbols indicate significant differences at
*p < 0.05, "p <0.01, and **p < 0.001 vs. normal group, and *p < 0.05, **p < 0.01, and ***p < 0.001 vs. control group. CPZ: chlorpromazine; -DOPA: levodopa;

5-HTP: 5-hydroxytryptophan; ns: not significant.

were significantly increased compared to the normal group
(Figure 6(E); p < 0.016).

Discussion

Depression is a multifaceted mental disorder, and symptoms of
depression, such as loss of motivation and insensitivity to
rewards, psychomotor changes, decreased sexual activity, and

sleep or food intake disorders, can easily be quantified (Willner
1990). According to the monoamine hypothesis, deficiency of
monoamine neuromodulators (serotonin, norepinephrine, and
dopamine) in the central nervous system can lead to the devel-
opment of depression (Manji et al. 2001). This study evaluated
the anti-depressant effects of HE in a D. melanogaster model in
which behavioural changes were induced by CPZ, which acts as
a blocker of dopamine receptors.



C. sativa (hemp) seed, a by-product obtained during the com-
mercial utilization of the plant fibre, has been used as a food
and medicine in China for at least 3000 years (Callaway 2004).
C. sativa also produces bioactive molecules called cannabinoids,
the most unique and specific type of compounds known to exist
only in cannabis plants. The active substances of HE are divided
into psychoactive delta9-tetrahydrocannabinol (THC) and non-
psychoactive CBD, a degradation product of THC (Messina et al.
2015). The ratio of THC + cannabinol/CBD is a criterion used to
distinguish general hemp from medical hemp; if the ratio is <1
based on the overall ratio of 1, it is classified as industrial hemp,
and if it exceeds 1, then it is classified as drug-type hemp
(United Nations Office on Drug and Crime 2009). The content
of cannabinoids in HE oil used for food is 1.36-12.40 mg/kg
(Lachenmeier and Walch 2005). In general, the main cannabi-
noids present in fibrous plants are CBDA and its decarboxylated
form CBD. CBD has anti-depressant and antioxidant activities,
as well as anti-inflammatory, neuroprotective, anti-anxiety, and
anticonvulsant properties (Appendino et al. 2011; Fernandez-
Ruiz et al. 2011; de Mello Schier et al. 2014; Alexander 2016;
Campos et al. 2016). Previous studies have shown that CBD at a
dose of 30mg/kg had a similar effect as imipramine, an anti-
depressant (Reus et al. 2011). As a result of analysis by HR-MS,
32 cannabinoids were identified in 10 commercial hemp seeds.
In this analysis, CBD and CBDA were abundant among these
cannabinoids (Citti et al. 2019). The difference between the
observed mass and the theoretical mass is used to measure the
mass accuracy, and <2 ppm means high mass accuracy (Brenton
and Godfrey 2010). As a result of HR-MS analysis, it was con-
firmed that HE contained cannabinoids, such as CBDA,
CBDVA, CBDV, and THCV (Supplementary Figure 1 and
Supplementary Table 1). Since the cannabinoids contents in HE
is very low, it has a limitation to quantify it by HPLC. Therefore,
analysis of the active substance should be carried out through
further research.

D. melanogaster has shown depressive symptoms similar to
those of humans when under stress (Shohat-Ophir et al. 2012;
Yang et al. 2013). Additionally, .-DOPA and CPZ-treated D.
melanogaster induce major behavioural and biochemical marker
changes that are similar to depression (Jiang et al. 2017). CPZ is
a potent antipsychotic drug used in the treatment of schizophre-
nia and other mental disorders and acts as a dopamine receptor
antagonist (Harrold et al. 1987). Jiang et al. (2017) reported that
CPZ induces depression in D. melanogaster as indicated by
changes in appetite and sexual behaviour, increased malondialde-
hyde, decreased superoxide dismutase, and 5-HTP. Thus, 0.1%
CPZ was used to induce depressive conditions in D. mela-
nogaster. Figures 2, 3 demonstrate that the activity of CPZ-
treated flies significantly decreased during the daytime and
increased during the night-time compared to that of the normal
group, and these changes in locomotor activity were similar to
the symptoms of depression. Changes in night and day behav-
iour, or sleep disorders, are symptoms of depression (Vadnie
and McClung 2017). During subjective daytime, the activity of
HE and CPZ-treated flies increased compared to that of flies in
the control group, and the activity of 1.5% HE and CPZ-treated
flies was restored to approximately the baseline level. A previous
study reported that vibrational stress-induced depression
Drosophila showed changes in locomotor activities, such as
decreased daytime activity and increased night-time activity. The
reduction of daytime activities due to vibration stress was signifi-
cantly increased by taurine treatment (0.05 and 0.10%)
(Kim et al. 2020). Ries et al. (2017) reported that repeated
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vibration-stress in Drosophila reduced behavioural activity by
inhibiting 5-HT release in the mushroom body. Administration
of 5-HTP alleviates depression-like symptoms by preventing
serotonin depletion in vibration-stressed Drosophila.

Depressive-like behavioural changes and neurochemical
changes were measured to analyze the anti-depressant effects of
HE. OFT is commonly used to assess the sedative, toxic, or
stimulant effects of compounds. It is a general measure of
exploratory behaviour and general activity in animals, and both
quality and quantity of activity can be measured (Katz et al.
1981). In OFT, all factors of the movement were significantly
reduced in flies in the control group compared to those in the
normal group. The normal and 1.5% HE-treated groups showed
similar behavioural patterns to distance moved, velocity, moving,
and not moving (Figure 4). Compared to the results of previous
studies, it was confirmed that the behavioural change according
to the difference in sample concentration showed a similar trend
to our results. Zanelati et al. (2010) reported that male Swiss
mice treated high doses (30mg/kg) of CBD were significantly
increased immobility time in FST than the normal group.
Conversely, mice treated with low doses (3 and 10mg/kg) had
increased immobility time than the normal group. In contrast,
all factors of the movement were significantly increased in the
1.5% HE and CPZ-treated flies compared to the flies in the con-
trol group. The findings indicate that administration of 1.5% HE
attenuated the depressant effect of CPZ. Animal behavioural
models related to depression are evaluated for behavioural des-
pair paradigms by FST and tail suspension test (TST) and stress
paradigms, such as chronic mild stress, social stress, and early
life stress (Krishnan and Nestler 2011). Mice exposed to chronic
mild stress had increased immobility times in the FST and those
exposed to chronic social defeat stress had decreased dopamine
levels in the frontal cortex and raphe nuclei compared to mice in
the control group (Venzala et al. 2013).

To assess the correlation between behavioural changes and
mRNA expression, we used qRT-PCR analysis to identify levels
of target genes DopIRI and 5-HTIA (Figure 5). Dopamine and
serotonin receptor levels in the control group were significantly
reduced compared to those in the normal group, whereas the
levels of both receptor types significantly increased in the 1.5%
HE and CPZ-treated group compared to the control group.
Moraga-Amaro et al. (2014) reported that dopamine receptor
subtype 3 deficiency causes depression-like symptoms as indi-
cated by an increase in immobility in FST and TST of D3RKO
mice. Moreover, depressed patients with anhedonia have signifi-
cantly lower dopamine transporter binding than healthy subjects,
as indicated in PET imaging studies (Sarchiapone et al. 2006).

Evidence of CPZ-induced depression was observed with
neurotransmitter levels in the heads of flies and their inactivity
time in the OFT. In the control group, dopamine, L-DOPA, 5-
HTP, and serotonin levels were significantly decreased compared
to those in the normal group (Figures 6(B-E)). However, admin-
istration of 1.5% HE improved catecholamine and serotonin lev-
els compared to control. Dysfunction of the specific
neurotransmitter system, including norepinephrine, dopamine,
and serotonin, has been associated with pathological conditions
of several neurological disorders. Specifically, dysfunction of
dopamine signalling, which is the most abundant catecholamine
in the mammalian brain, can cause problems with movement
coordination, mood, memory, and emotions (Kobayashi 2001).
For  example,  1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP)-treated mice have prolonged immobility time in TST
and decreased striatal dopamine levels. However, L-DOPA
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administration improves the MPTP-induced behavioural changes
observed in TST and increases striatal dopamine levels (Mori
et al. 2005).

We also investigated the effect of HE through changes in
serotonin levels in a CPZ-induced depression model (Figure
6(E)). The deficiency of serotonin, which is related to anxiety,
obsession, and compulsion, is also associated with depression
(Fakhoury 2015). Araujo et al. (2021) reported that Drosophila
exposed to unpredictable chronic mild stress (UCMS) had symp-
toms similar to depression due to decreased serotonin, dopa-
mine, and octopamine. Administration of y-oryzanol from rice
bran oil have an effect on the improvement of Drosophila
depression induced by UCMS through changes in molecular and
genetic factors. In particular, y-oryzanol treatment prevented the
reduction of serotonin and octopamine in the depressed
Drosophila model induced by UCMS. In addition, the develop-
ment of antidepressants is related to theories based on serotonin
deficiency, and numerous evidence suggests that various classes
of antidepressant may induce enhancement of serotonin neuro-
transmission (Cowen and Browning 2015; Delcourte et al. 2021).
Collectively, the results suggest that HE administration signifi-
cantly ameliorates dopamine and serotonin levels.

Conclusions

CPZ induces depression-like symptoms, such as changes in
behavioural patterns, transcription levels of neurotransmitter
receptors, and depression-related neurotransmitter levels in the
D. melanogaster depression model. CPZ-treated flies have signifi-
cantly reduced subjective daytime activity and increased immo-
bility time. However, administration of HE restores the circadian
rhythms, improves locomotor activity, and significantly increases
transcription levels of dopamine and serotonin receptors in the
depression-induced flies. Based on these findings, we can con-
clude that HE alleviates depression-like symptoms by increasing
the levels of serotonin and dopamine receptors and dopamine, L-
DOPA, 5-HTP, and serotonin levels in the brain. However, fur-
ther studies are needed to investigate the role of HE administra-
tion in the depressive signalling pathways, changes in
neurotransmitters, and behavioural patterns in vertebrate
model systems.
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