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ABSTRACT

Prenatal stress is major risk factor for long-lasting psychopathological
development on offspring including depression. The objectives of this study
were to investigate the effect of anthocyanin from purple sweet potatoes on
behavioral performances of prenatally stressed offspring as well as the
prediction of mechanism using in silico analysis. The pregnant mice were
physically restrained during the half late pregnancy for 2 hours each day. The
adolescent offspring were then treat using total anthocyanin extracts from
purple sweet potatoes. The open field test and tail suspension test were
performed for behavioral analysis. The results were demonstrated that the
administration of anthocyanin significantly increases the immobility time.
Conversely, track visualization was shown more explorative movement on
mice. Virtual molecular interaction was demonstrated that anthocyanins of
delphinidin and malvidin have similar interaction with GABA and baclofen as
GABAg receptor agonist. Recent results are gaining a necessary of further
exploration with more complex behavioral test procedures and the
determination of anthocyanin on GABAergic transmission in animal model of
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depression.

INTRODUCTION

Depression is a mental health disorder which are
characterized with depressed mood, diminished of
pleasure, sleep disturbances, body weight changes,
appetite alteration, fatigue, worthlessness, decrease of
concentration, psychomotor agitation/retardation and
thought of death/suicide (1). Depression is highly
prevalent in population and become a major contributor of
disability, health loss and suicide globally (2). One of the
strong risk factor for depression is maternal stress during
pregnancy (3). Prenatal stress is defined as broad range of
perceive stress, anxiety and depression during pregnancy
(4). Prenatal stress is being emphasized because of the
long-term impacts on pregnancy outcomes, child-
adolescence behaviors and psychopathological
development on adulthood (5)(6)(7). The susceptibility of
foetal neuronal development to maternal stress hormones
is widely accepted as proposed mechanism on
behavioral/emotional problems of offspring (8).

Previous studies were summarized an ameliorate effect of
prenatal stress on brain areas connectivity. Prenatal stress
impaired the activation of prefrontal cortex thus resulting
an inappropriate trajectories of gamma-aminobutyric acid
on ventral tegmental area of brain limbic system (9).
Gamma-aminobutyric acid (GABA) is a major synaptic
inhibitory neurotransmitter in mammalian brain (10). The
deficit and disfunction of GABA neurotransmission have
been identified in both human and animal depression
studies (11). Despite there are two types of GABA
receptors, GABAB receptor have been proposed as new
target of antidepressant action (12). Nevertheless, the
modulation of GABAg receptor by its ligands were shown a
convergence results on depressive behavior (13).
Meanwhile, commonly prescribed antidepressant has long
onset acting limitation, thus new rapid agent of
antidepressant on GABA target transmission offering
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greater efficacy for this mood disorder (14). For the
present, the drugs that targeted GABA systems widely
used for anxiolytic and sedative purposes as well as the
development of herbal medication on GABA target were
act as anti-insomnia (15).

Flavonoid, a plant natural compound has been
investigated as antidepressant in preclinical studies by
modulating the GABA systems, such as the content of
hyperoside from Apocynum venetum L plant (16).
Anthocyanin is one of the plant flavonoids that previously
reported as protective agent against oxidative stress
induced by psychological stress (17). Anthocyanins as red-
purple plant pigment are also contain in purple sweet
potatoes (PSP) (18). Anthocyanin from PSP previously
reported as neuroprotective effect on animal model of
brain ischemia and spatial memory enhancer on diabetic
model rats (19)(20). This memory function effect was
assumed related to the capacity of anthocyanin to inhibit
the neuronal apoptosis particularly at hippocampus (21).
As far our knowledge, the effect of anthocyanin from PSP
on prenatal stressed induced depression is still lacking and
need further exploration. This study aimed to investigate
the effect of anthocyanin from PSP on behavioral
performances of prenatally stressed offspring as well as
determination the function of anthocyanin on GABAs
receptor using virtual molecular docking interaction. This
study would be supporting the development of
anthocyanin from PSP as potential antidepressant as well
as the potential mechanism of action on GABAs receptor.

MATERIALS AND METHODS

Animal

All animal procedures were approved by Research Ethic
Committee of Universitas Brawijaya (No:1193-KEP-UB).
The BALB/c mice were obtained from animal laboratory
breeding of Bioscience Institute, Universitas Brawijaya. All
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mice were housed at animal experimental laboratory of
Bioscience Institute, Universitas Brawijaya under
controlled of temperature, humidity and 12:12 hours light-
dark cycle (22). All the animal experimental procedures
were performed on the light phase. The standard
laboratory food and water were provided ad libitum (23).
The extraction of total anthocyanin

The purple sweet potatoes variety of Antin-3 were
harvested from Legume and Tuber Plant Research Centre,
East Java Indonesia. The fresh grinded tuber roots were
macerated using acidic methanol solvent pH 4.5 at room
temperature. After 24 hours the homogenates were
filtrated using Whatman filter paper (0.45um) and
evaporated using vacuum rotary evaporator at 50-60°C.
The extracts were then stored at 4°C until further
utilization (24)(25).

Mating

The adult females were stimulated for oestrus by Lee-Boot
and Whitten method as previously described (26). The
oestrous phase was identified by behavioral observation
and the presence of vaginal opening and relative
tumescence of external genitalia. Oestrus females were
demonstrated sexual receptivity behavior, i.e. lordosis,
jumping, running around and ear wiggling (27)(28). The
oestrus females were mated with sexually experience male

Delivery
GD 0 GD 10

Restraint stress

Weaning

with mating ratio 1:1. The presence of vaginal plug were
assigned to gestational day 0 (GD 0)(29).

Experimental design

The fertilized females were then placed in individual cage.
The pregnant mice randomly assigned into non-stressed
(NS) group and prenatal stressed (PS) group. The restraint
stress was given from GD 10 until the end of gestation,
meanwhile the mother in NS group remained undisturbed
in their home cage (30)(31). All the mother was remained
with their pups until weaning period. The young offspring
were removed from their home cage on PND 21 and placed
individually. After new home cage habituation, young
offspring were carried out for behavioral analysis
sequentially on post-natal day (PND) 30-34. The offspring
from both group of mothers were randomly assigned into
4 group of treatment respectively, i.e. anthocyanin (-),
anthocyanin 10 mg/BW; anthocyanin 20 mg/BW and
anthocyanin 40 mg/BW. The anthocyanin (ACN) extract
was administrated to young offspring at PND 35. This mid-
adolescence period was chosen according to the
importance of the

period as explained before (32). The ACN extract were
given once a day for duration of 7 weeks (20).
Furthermore, second behavioral analysis was conducted
before the surgery procedure (Figure 1).

Behavioural

analysis,
Behavioural Euthanasia,
analysis Surgery

Anthocyanin

PND 21

PND PND 35
P PND PND

70 71-73

Figure 1: The scheme of the experimental design. Prenatal restraint stress was applied on half late pregnancy period. The
behavioral analysis was performed both before and after the anthocyanin administration. Anthocyanin was given from
period of adolescence until adulthood.

Prenatal stress exposure

The stress exposure was applied according to previous
studies with minor modification. Briefly, the mother from
PS group were restraint in a well ventilated cylindrical
acrylic with long and diameter fitted close to the body for
2 hours with randomly schedule each day (30)(33).
Behavioral analysis

Open field test

The open filed test procedure was conducted according to
Salari, et al (34) with minor modification. The mice were
habituated at testing room for an hour prior the
observation. Mice were placed individually at the center of
acrylic box with dimension of 40x40x40cm, followed by
video recording for 6 minutes of duration. The apparatus
was cleaned with ethanol between animal tests.
Afterwards, the videos were analysed using EthoVision XT
(Noldus Information Technology b.v, Wageningen,
Netherland) to measure the total distance, velocity, track
and heatmaps of tracking visualization (35).

Tail suspension test

Tail suspension test was performed as minor modification
of previous work (36)(37). The tail of mice was suspended
above the floor using adhesive tape. The observation was
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recorded as video for 6 minutes. The completely
motionless was defined as immobility time. The
measurement of immobility duration was conducted
manually by two double blind trained observers.

In silico analysis

Ligand and protein preparation

The ligand of cyanidin (CID: 128861), delphinidin (CID:
128853), malvidin (CID: 159287), pelargonidin (CID:
440832), peonidin (CID: 441773), petunidin (CID:
441774), and baclofen (CID: 2284) were elected from
PubChem National Centre for Biotechnology Information
(NCBI) database. The ligands were converted into pdb file
using PyRx 0.8 software (38). The protein of GABA
receptor (PDB: 4ms4) was retrieved from Protein Data
Bank (PDB) (http://rcsb.org). The water molecule and
previous ligand associated with protein were removed
using Discovery Studio Visualizer v19.1.0.18287 program
(http://3dsbiovia.com/products/)(39).

Molecular docking

The molecular docking interaction between ligand and
GABA receptor was performed using PyRx 0.8 software as
well as the binding affinity calculation. The visualization of
the interaction was conducted using Discovery Studio
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Visualizer v19.1.0.18287 program (http://3dsbiovia.com/
products/) (38)(39).

Statistical analysis

The results are expressed as mean + SEM. The differences
between treatment were assessed using two-way ANOVA
followed by LSD multiple comparison using GraphPad
Prism 9.0.0 software. The significance was set as p< 0.05.

RESULTS

The effect of restraint stress on maternal and
pregnancy outcome

Our study was revealed that PS mothers tend to have a
lower weight gain along the pregnancy as well as the food
intake and water intake compared to NS mothers, even
though these differences were not statistically significant.
The pregnancy outcomes were showed that gestational
length was similar between two groups. However, the NS
mothers had a greater number of pups than PS mothers.
Female pups were more prevalence than male pups in
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both groups. The PS mothers had higher percentage of
preweaning mortality of pups than NS mothers (Figure 2).
The effect of total anthocyanin extracts on behavioral
analysis

Total distance movement and velocity were observed to
evaluate the locomotor activity by open field test (Figure
3a-b). The test was performed both before and after the
administration of total anthocyanin extract. We were
found that anthocyanin administration was not
statistically significantly affect the locomotor in all dose.
Other behavior such as the depressive-like behavior was
evaluated by tail suspension test. Interestingly,
anthocyanin significantly increases the immobilization
time in almost doses both NS group and PS group (Figure
3c). However, according to track visualization and heat
mapping, the mice on dose of 20mg tend to be more
explorative after anthocyanin treatment in both groups of
mothers. The mouse has more spot areas of exploration
(Figure 3d). We suggest that it is an interesting finding of
this study.
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Figure 2: The maternal characteristics of NS and PS mothers (a) The profile of weight gain tends to reduce in prenatal
stressed mother as well as the food intake (b) and (c) water intake. The profiles of pregnancy outcomes were demonstrated
the similar gestational length (d). The PS mother have a slightly heavier birth weight of pups (e) and lower number of pups
(f). The composition of female and male pups was shown in (g-h). Preweaning mortality of pups was greater in PS mothers
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In-silico analysis

To evaluate the predictive mechanism of immobility
increment after anthocyanin treatment, we were
conducted a molecular docking analysis between six
anthocyanin and GABA receptor. Our analysis was showed

3000 =

that all anthocyanins have more negative binding affinity
than GABA and drug of baclofen. Delphinidin has the most
negative binding affinity followed by petunidin,
pelargonidin, malvidin, cyanidin and peonidin.
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Figure 3: (a-b) The total distance movement and velocity of offspring from NS and PS group were not significantly different

after anthocyanin treatment. (¢) The immobility duration of offspring was demonstrated significantly increases on almost
doses in both group of mothers. The data was shown as mean * SEM. *p<0.03, **p<0.002. (d) The tracking and heatmaps
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visualization of offspring movement was analysed using EthoVision XT software (Noldus Information Technology,

a. Malvidin GABA receptor

gl
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Netherlands).

b. Cyanidin GABA receptor

hi

Figure 4: The 3D structure of interaction between anthocyanin (red) with GABA receptor (purple - light blue). Code number
1 and 2 are visualized the 3D structure of the interaction, while code number 3 are 2D interaction and category bond of the

complex. The molecular docking was performed using Pyrx 8.0.0 software and visualization was analyzed by Discovery

Studio Visualizer v19.1.0.18287 program.

Table 1. Molecular docking score and interaction of anthocyanin ligand against GABAg receptor analysed using Pyrx 8.0.0
software and Discovery studio software.

Compound Docking Hydrogen bonds interaction Compoun Docking Hydrogen bonds interaction
score d score
(kcal/mol) (kcal/mol)
Amino residues Distance Amino residues (interaction Distance
(interaction type) (A9) type) (A9)
Malvidin -7.2 Ser140(Conventional) | 3.24 Peonidin -6.4 Asp204(Conventional) 2.62
Thr160(Conventional) | 3.03 GIn206(Conventional) 3.07
GIn206(Conventional) | 3.18 Thr203(Pi-Donor) 3.82
Tyr169(Carbon) 345 Cyanidin -6.7 Thr160(Conventional) 2.20
Ser140(Pi-Donor) 4.15 Thr199(Conventional) 2.99
Delphinidin -7.9 GIn197(Conventional) | 2.96 GIn206(Pi donor) 4.03
Thr199(Conventional) | 2.88 GIn206(Pi donor) 4.19
486 Systematic Reviews in Pharmacy Vol 11, Issue 10, Oct-Nov 2020
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Our study found that mortality of pups from PS mother
approximately double than NS group. Maternal infanticide
is generally supposed as death causal of the new-born
offspring (40). As described in previous review, the
maternal infanticide behavior is associated with two
principle factors. First factor related to the viability of the
young offspring. The weak or moribund offspring are
unable to demonstrate the healthy behavior such as loud
vocalization, wriggle and warm. Whereas those behavior
are very important for originating a signal inhibition for
mother not to ingest their new-born (41). The second
factor is associated with the maternal condition.
Infanticidal behavior is suggested as consequences of
external stress stimuli during pregnancy. Earlier study
was showed that unpredictable stress exposure during
half late pregnancy associated with maternal depressive-
like behavior and decrease the survival of pups (42).
Despite the mortality of pups, our PS mother was showed
the tendency of lower weight gain during pregnancy. In
line with previous report, lower maternal weight gain was
correlated with prenatal restraint stress application (30).
According to those parameters, we assumed that our
restraint stress protocol was generated stress in
gestational mice.

The maternal condition on pregnancy affect the perinatal
outcomes (43). Stress during pregnancy increases the
maternal cortisol level. Cortisol is a major hormone that
mediates the effect of maternal stress on foetal
development. Simultaneously, stress reduces the enzyme
of 11 B-hydroxysteroid dehydrogenase type-2 (113-HSD-
2) which has a function to inactivate those excess of
cortisol. Accordingly, maternal cortisol straightforward
across the placental barrier and reach the foetal
circulation. This cortisol subsequently interferes the
hypothalamic-pituitary-adrenal (HPA) axis and modify the
set point of negative feedback mechanism and resulting a
long-term permanent change in HPA axis activity until
postnatal life (44). The exposure to glucocorticoid in foetal
phase impact the neurodevelopmental outcomes and
behavior. Furthermore, prenatal stress has been linked to

487 Systematic Reviews in Pharmacy

Offspring Mice
Leul63(Conventional) | 3.24 Baclofen -5.9 Ser140(Conventional) 2.88
Lys168(Conventional) | 3.15 Tyr169(Conventional) 2.51
Ser140(Pi donor) 3.66 Ser140(Conventional) 2.38
Ser140(Pi donor) 3.90 Tyr169(Conventional) 2.92
GIn206(Pi donor) 3.67 Thr160(Conventional) 2.94
Pelargonidin | -7.2 Thr199(Conventional) | 2.14 Val162(Conventional) 3.12
Lys168(Conventional) | 3.14 Leul63(Conventional) 3.02
Lys168(Electrostatic) 3.69 Tyr169(Conventional) 2.89
Petunidin -7.4 Cys103(Conventional) | 2.61 -3.8 Ser140(Conventional) 191
Cys103(Conventional) | 2.80 Tyr169(Conventional) 2.89
GIn206(Conventional) | 2.85 Tyr169(Conventional) 292
GIn197(Conventional) | 2.95 Tyr169(Conventional) 2.92
Thr199(Conventional) | 2.78 Thr160(Conventional) 2.92
Ser140(Conventional) | 2.98 Val162(Conventional) 3.16
Lys168(Conventional) | 3.12 Leul63(Conventional) 2.99
GIn206(Conventional) | 3.12
Asp104(Carbon) 3.56
DISCUSSION increase the vulnerability of neuropsychiatric and mood

disorders for instance schizophrenia, autism spectrum
disorder, attention deficit hyperactivity disorder,
depression and anxiety (45)(46)(47).

The impact of prenatal stress on depressive-like behavior
previously normalized by the administration of genipin as
plant monoterpenoid compound at age 40 PND of
offspring (22). Several plant flavonoid compound has been
elucidated as interesting candidates for new
antidepressant treatment (16). We were investigated the
anthocyanin as flavonoid derivate that previously
suggested as treatment of oxidative stress induced by
psychological stress as well as ameliorates dopamine level
in brain (17). The anthocyanin extract was administrated
orally at PND 35 of young offspring. This mid-adolescence
is very crucial period in mice, characterized with elevation
of impulsivity and risk- taking behavior in accordance with
dopaminergic system development. Therefore, this period
is appropriate to be utilized as animal model of behavioral
abnormalities (32).

Our subsequent analysis was demonstrated that
anthocyanin administration significantly increases the
immobility time in adult offspring as observed by tail
suspension test. This finding is controverting with
previous research that reported anthocyanin rich extract
from maqui berry decreases the immobility time in mouse
model of post-stroke depression (48). Similarly,
anthocyanin from purple cauliflower were reported
decline the immobility time in animal model of depression.
Meanwhile, the longer duration of immobility time in tail
suspension test are considered as sign of depressive-like
behavior in rodent models (49). To confirm this finding,
we were performed open field test procedure to evaluate
the locomotor activities. We found no significant
difference of total distance movement and velocity among
mice after the anthocyanin treatment. However, the mice
at dose of 20mg/kg BW tend to be more explorative as
shown in movement tracking and heatmaps visualization.
As depression disorder are related to several synapses
neurotransmitter disfunction such as serotonin,
dopamine, norepinephrine and GABA (50,51) we evaluate
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the predictive mechanism of anthocyanin related to the
recent results. We were then performed in silico analysis
to interact the six anthocyanin and GABA agonist drug
(baclofen) against GABAs receptor respectively. We found
that six anthocyanin have more negative binding affinity
than baclofen. Delphinidin has the most negative binding
affinity followed by petunidin, pelargonidin, malvidin,
cyanidin and peonidin. The more negative value of binding
affinity is predicted better binding interaction to target
molecule (52). Among six anthocyanin, only delphinidin
and malvidin have the similar amino residues interaction
with baclofen at GABAs receptor. Baclofen is a selective
GABAB receptor agonist in human (53). GABAE receptor is
a metabotropic receptor which are mediates the inhibitory
neurotransmission in brain (10). GABAp receptor is
involved in emotional regulation. GABAp deficient mice
showed some anxiety- and panic-like behavior (54). The
administration of GABAs agonist, i.e. baclofen effectively
relieves the symptoms of post-traumatic stress disorder
and the accompanying symptoms of depression and
anxiety (55). Initially, baclofen is used as muscle relaxant,
but recent report show the superiority of baclofen as
GABAg agonist has been proven as sleep quality
improvement and reduce the transient insomnia (56)(57).
We assumed that delphinidin and malvidin probably have
the similar agonist properties against GABAg receptor.
Supporting this finding, earlier research was revealed the
neuroprotective effect of anthocyanin on prenatally
ethanol-induced stress oxidative via the GABAg1 receptor
modulation (58). Hypothetically, we are raising a further
research question that anthocyanin might be act as muscle
relaxant therefore impress the duration of immobilization
on mice without reducing the movement performance.

CONCLUSION

The present study shows that the administration of
anthocyanin extract from purple sweet potatoes at
developmental age of prenatally stressed offspring, affect
the behavioral parameters on mice. In the future, we
would like to establish whether anthocyanin has
advantages on miscellaneous behavioral analysis.
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