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Abstract

Background: Hypoxia ischemia leads to abnormal behavior and growth. Prenatal hypoxia also decreases brain adaptive
potential, which can cause fatal effects such as cell death. Asiatic acid (AA) in Centella asiatica is a neuroprotector
through antioxidant and anti-inflammatory activities.

Aim: This study aimed to analyze the effect of AA as a neuroprotector against hypoxia during intrauterine development
on locomotor activity, head width, and brain-derived neurotrophic factor (BDNF) expression.

Methods: The true experimental laboratory research used a posttest control-only design. Zebrafish embryos (Danio
rerio) aged 0-2 dpf (days postfertilization) were exposed to hypoxia with oxygen levels reaching 1.5 mg/l. Then, AA
was administered at successive concentrations, namely, 0.36, 0.72, and 1.45 pg/ml, at 2 hpf (hours postfertilization), 3,
6, and 9 dpf. Head width, velocity activity, and BDNF expression were observed.

Results: Intrauterine hypoxia significantly decreased head width, velocity rate, and BDNF expression (<0.001).
Administration of AA at all concentrations and age 9 dpf to zebrafish larvae with intrauterine hypoxia exposure
increased head width (p <0.0001), velocity (p < 0.05), and relative mRNA expression of BDNF (p < 0.05).
Conclusion: AA is potentially neuroprotective to the brain in zebrafish larvae exposed to hypoxia during intrauterine
development

Keywords: Asiatic acid, BDNF, Growth, Hypoxia, Neuron.

Introduction

Perinatal hypoxic ischemia (HI) occurs in 1.5-3 per
1,000 live births. It is often the most common cause
of neurodevelopmental disorders in infants in later life
that can manifest as disturbances in adulthood, such
as decreased learning, memory, and attention (PieSova
and Mach, 2020). The incidence of hypoxic-ischaemic
encephalopathy in live births ranges between 3/1,000
and 6/1,000, of which 15%-20% of affected infants
die in the neonatal period, and 25%-30% of survivors
may experience some long-term sequelae (Guan ef al.,
2017).

Hypoxia is usually presumed to have a pathological
effect but is also involved in maintaining normal
physiological functions (Chen et al., 2020). HI in the
brain can occur prenatally, naturally, and postnatally,
but the neurodevelopmental sequelae will be more
severe if they appear in the prenatal and natal periods.
Several studies have proven that oxygen deficiency
conditions in the brain during the prenatal period will

cause damage to brain neurons, metabolic failure, and
cell death (Gorgij ef al., 2021). HI leads to abnormal
behavior and reduced growth. Motor disabilities, such
as locomotor disruption, are related to developmental
hypoxic injury (Son et al., 2022). Brain-derived
neurotrophic factor (BDNF) is a neuroprotective agent
that functions in the growth and development of the
nervous system and reduces neuronal death and the
severity of brain damage after HI injury (Gorgij et al.,
2021).

Clinically, oxygen therapy is given to patients rationally
because hyperoxia often causes lung injury (Honda
et al., 2019). One of the traditional plants, Centella
asiatica, is a plant that is easily found in subtropical
and tropical areas such as Indonesia. This plant has a
neuroprotective effect through antioxidant and anti-
inflammatory mechanisms. Asiatic acid (AA) in C.
asiatica suppresses oxidative stress and apoptosis in
Alzheimer’s disease (Rather et al., 2018), protecting
against mitochondrial damage in rat models of focal
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cerebral ischemia and protecting the brain against
neurotoxins (Chiroma et al., 2019). A breakthrough
is needed to prevent the negative impact of hypoxic
conditions on the developing baby’s brain.

There has been no research on the effect of AA as a
neuromodulator in brain neurons. This study aimed
to analyze the effect of AA as a neuroprotector in
hypoxic conditions during intrauterine development on
locomotor activity rate, head width, and BDNF.

Material and Methods

Materials

This research used commercial products of AAs (2a,23-
dihydroxyursolic acid, and Dammarolic acids) from C.
asiatica (NSC Product Number: A2612, CAS Number:
464-92-6, Sigma Aldrich, USA). The concentrations
in this experiment were based on previous studies,
namely, 0.36, 0.72, and 1.45 pg/ml (Khotimah et al.,
2015).

Animal model (Zebrafish embryo)

Wild-type zebrafish embryos (Danio rerio) from
fertilizing male and female zebra types were identified
and obtained from the Hydrology Laboratory, Faculty of
Fisheries and Marine Sciences, Universitas Brawijaya,
Malang, Indonesia.

Experimental design

The true experimental laboratory research used a
posttest control-only design. Zebrafish embryos (Danio
rerio) aged 0-2 dpf were exposed to hypoxia. Then, AA
was administered at 2 hpf, 3 dpf, 6 dpf, and 9 dpf. The
zebrafish larvae at ages 3 dpf, 6 dpf, and 9 dpf were
evaluated for head width and locomotor (velocity) rate.
The relative mRNA expression of BDNF was observed
at 9 dpf.

Zebrafish embryos aged 0-2 hpf were allocated and
then randomly divided into five treatment groups: (a)
normal zebrafish larvae (control); (b) hypoxia zebrafish
larvae; (c) hypoxia zebrafish larvae + 0.36 pg/ml AA;
(d) hypoxia zebrafish larvae + 0.72 pg/ml AA; and (e)
hypoxia zebrafish larvae + 1.45 pg/ml AA.

The hypoxic model

The hypoxia model in this study involves the supply of
nitrogen (N,) gas to the chamber that has been provided
until it reaches hypoxic conditions (PO,~ 5 kPa, 1,5
mg O,/1). Zebrafish larvae treated with hypoxia at age
2 hpf to 3 dpf, returned to a normoxic state (PO, ~ 20
kPa, 8 mg O,/1) at age 4 dpf (Borowiec et al., 2015).
The dissolved oxygen (DO) was measured using a
DO meter. If the saturation of the solute oxygen is too
high, nitrogen gas is added until the DO reaches 1.5 mg
O,/1 to create hypoxia (Borowiec et al., 2015). If the
DO concentration is too low, it is adjusted by adding
oxygen to 8 mg O/l (Ariani et al., 2023).
Measurement of head width of zebrafish larvae

The head width of zebrafish larvae in all groups was
observed and measured at 3, 6, and 9 dpf. Measurements
were taken from the left to right side (Son et al., 2022)

using raster image software 3.0 in millimeter (mm)
units.

Observation of zebrafish larvae velocity

The behavioral activity was monitored in zebrafish
larvae aged 3, 6, and 9 dpf placed in 96-well round
bottom plates. After acclimatization for 30 minutes,
spontaneous behavior (velocity/swimming) as basal
swimming activity (Davis et al., 2021) was measured
for 10 minutes in 10 zebrafish of each group. The
mean of velocity (mm s~) was measured. The velocity
of zebrafish larvae in each group was recorded using
EthoVision XT tracking software tools and DanioScope
(Leesburg, VA, USA) (Sireeni et al., 2020).
Measurement of the relative mRNA expression of BDNF
The mRNA expression of BDNF was measured
using quantitative PCR (qPCR) with a Fast RNA
Tissue/Insect Kit (Zymo Research, Irvine, CA). Total
RNA was extracted from 12 zebrafish larvae at 9 dpf
(Koblitz et al., 2015) by following the manufacturer’s
instructions. A Thermo Fisher Scientific Nanodrop
2000 Spectrophotometer (Waltham, MA) was used to
confirm the quantity and purity of RNA. Each sample’s
100-200 ng of RNA was used to create cDNA using
a LunaScript® RT Master Mix Kit (New England
Biolabs, Ipswich, MA). The 20 pl real-time polymerase
chain reaction mixtures contained 10 pl of master,
eight ul of DNase/RNase-free water, one pl of 50 nM
primers, and one pl of cDNA template. The reactions
were carried out using Chai Open qPCR.

Statistical analysis

The data are presented as each group’s mean + SEM.
The data were analyzed with GraphPad Prism 7 (La
Jolla, California, USA). Statistical significance was
determined through one-way analysis of variance. p <
0.05 (*), p < 0.01 (**), p < 0.001 (***), and 0.0001
(****) were considered to be significant, highly
significant, and extremely significant differences,
respectively (Wang et al., 2021).

Ethical approval

This research was approved by the Health Research
Ethics Committee of Universitas Brawijaya with
reference number 179/EC/KEPK/07/2022.

Results

Measurement of the head width of zebrafish larvae

The hypoxic zebrafish larvae at 3, 6, and 9 dpf showed
head width (in mm) increases of 350 + 22, 443 + 28,
and 522 + 37, respectively. The older the zebrafish
larvae were, the wider the head width. The zebrafish
larvae that received hypoxia and AA concentrations
of 0.36 and 0.72 pg/ml at 3 and 6 dpf showed a mean
head width (in mm) smaller consecutively, namely,
(367 + 15 and 561 + 22) and (375 + 52 and 571 + 24)
compared to the control group (442 + 27 and 587 +
40). Nevertheless, concentrations of AA of 1.45 pg/ml
and at 9 dpf (736 + 19) increased the head width in
zebrafish larvae exposed to hypoxia compared to the
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control group (697 + 74) and hypoxia control (522 +
37) (Fig. 1).

Observation of zebrafish larvae velocity
Administration of AA to zebrafish larvae exposed to
hypoxia showed no significant difference in velocity
rate at 3 dpf. The zebrafish larvae at 3 dpf showed a
higher mean velocity rate (mm s”) in the hypoxic group
(0.028 + 0.012) than in the control group (0.028 =+
0.012). The velocity rate in zebrafish larvae increased at
high concentrations and larvae age. The administration
of AA at concentrations 0.72 and 1.45 pg/ml increased
the velocity rate (mm/smm s°) in zebrafish larvae
exposed to hypoxia at 6 (0.296 + 0.031, 0.355 = 0.130,
and 0.323 + 0.086) and 9 dpf 0.311 + 0.045, 0.360 +
0.034, and 0.463 + 0.089 compared to the hypoxic

Noamal
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group that was not given AA (0.138 + 0.127 and 0.266
+ 0.031, respectively). The velocity rate in the control
group (0.386 = 0.058) was lower than that at the AA
concentration of 1.45 pg/ml in zebrafish larvae exposed
to hypoxia (0.463 = 0.089) at 9 dpf (Fig. 2).

The relative mRNA expression of BDNF

The control group showed a higher mean relative
mRNA expression of BDNF than the hypoxic group.
AA administration at concentrations of 0.36 and
0.72 pg/ml at 3 and 6 dpf did not increase BDNF
expression successively compared to the hypoxic group
(unpublished data). The higher the concentration of
AA given to zebrafish larvae exposed to hypoxia, the
higher the expression of BDNF at 9 dpf. There was an
increase in BDNF expression due to the administration

Hyp+AA LSS

Magnification 40x

1 pm

Head Width
EEE Y
—
* EE S
EE ok * ok
[ I
ok EETEY kK
|
*okk EREK KKK ok Kk * %

800 =

6001

400 =

Head width (mm)

200 =4

3 days 6 days

B Duration of treatment

Control
Hypoxia
Hypoxia+AA 0.36 ug/ml

Hypoxia+AA 0.72 ug/ml

Eenel

Hypoxia+AA 1.45 ug/ml

9 days

Fig. 1. A). Photomicrograph of head width of zebrafish larvae at 9 dpf in
all groups with a 40x objective magnificent. Measurements are taken on the
head from the tip of the right eye to the left. B). The size of the head width
of zebrafish larvae after exposure to hypoxia to different concentrations
of AA. Acetic acid at various concentrations increased the growth of AA
administration at concentrations of 0.36, 0.72, and 1.45 pg/ml. It increased the
head width of zebrafish larvae exposed to hypoxia compared to the control.
The data are presented as the mean = SEM. *p < 0.05, **p < 0.01, ***p <
0.001, and ****p < 0.0001 were considered significant, highly significant
and extremely significant differences, respectively. The concentration of 1.45
pg/ml AA significantly increased the head width of zebrafish larvae at 9 dpf

compared with normal.
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Fig. 2. Velocity rate at 3, 6, and 9 dpf zebrafish larvae exposed hypoxia in all groups. The data are
presented as the mean + SEM. *p <0.05, **p <0.01, ***p <0.001, and ****p <0.0001 were significant,
highly significant, and extremely significant differences, respectively. The control group showed a
significantly higher velocity rate than the hypoxia group at 6 and 9 dpf. Observations at 9 dpf showed
that a 1.45 pg/ml concentration of AA could increase the velocity rate compared with the control group.

of AA at concentrations of 0.36, 0.721, and 1.45 pg/
ml to zebrafish larvae exposed to hypoxia (0.311 +
0.045, 0.360 £ 0.034, and 0.463 £ 0.089, respectively)
compared with hypoxic controls (0.266 + 0.089).
Administration of AA at concentrations of 0.72 and
1.45 pg/ml to zebrafish larvae exposed to hypoxia
increased BDNF expression compared with that in the
control and hypoxia groups (Fig. 3).

Discussion

Head width of zebrafish larvae

Zebrafish are tolerant to low concentrations of O, and
can quickly adapt by increasing the gills’ surface area
and increasing myoglobin’s expression as an oxygen
carrier (De Medeiros Borges ef al., 2023). Fetal hypoxia
during pregnancy creates an intrauterine environment
that does not provide enough oxygen and nutrients to
the fetus (Peebles, 2004), inhibiting fetal growth and
even causing death (Igbal and Ciriello, 2013). Head
width measurement is one of the easiest methods to
measure brain growth (Harris, 2015). The circle of the
zebrafish larva head is measured on larvae at 3, 6, and
9 dpf according to the age analogy of children 0, 2, and
8 years in humans (Sorribes et al., 2013). The results
showed that zebrafish exposed to hypoxia showed a
decrease in head width compared to the control group.
Hypoxia during the first 4 weeks of life leads to a
significant growth delay in the body (Farahani et al.,
2008). Hypoxia inhibits organogenesis and intrauterine

growth in human fetuses (Kamei and Duan, 2018) by
altering several vital metabolic processes, including
glucose absorption and oxidative metabolism, thereby
inhibiting growth (Chen et al., 2020). The barrier to
fetal development is the failure of the fetus to reach
its maximum growth potential. The leading causes of
fetal growth obstacles are structural or genetic defects
and placental insufficiency. Placental insufficiency
includes the fetal inability to obtain sufficient nutrients
and oxygen (Swanson and David, 2015). Hypoxia
may reduce the mother’s supply of nutrients to the
fetus by inhibiting placental rapamycin complex 1,
which is responsible for cell growth, proliferation, and
metabolism (PieSova and Mach, 2020).

The brain needs oxygen and high nutrition because
it undergoes aerobic metabolism (PieSova and Mach,
2020). Prenatal hypoxia in the period of brain formation
causes significant changes in the development of
cognitive functions at various stages of postnatal life
that correlate with morphological changes in brain
structures involved in learning and memory and shape
individual life experiences and character (Desplats,
2014; Babenko et al.,2015). Prenatal hypoxia also leads
to decreased brain adaptive potential and plasticity due
to disruption in forming new contact between cells and
the spread of nerve stimuli, especially in the cortex and
hippocampus (Nalivaeva ef al., 2018).

Hypoxia significantly affects the morphology and
function of various types of neurons. It disrupts the

1329


http://www.openveterinaryjournal.com

1330

http://www.openveterinaryjournal.com
A.Ariani et al.

Open Veterinary Journal, (2023), Vol. 13(10): 1326-1333

1.5=—

g
o
|

Relative BDNF mRNA expresion
(Fold change)
=
o
|

0.0~

Control
Hypoxia
Hypoxia+AA 0.36 ug/ml

Hypoxia+AA 0.72 ug/ml

AERE

Hypoxia+AA 1.45 ug/ml

Fig. 3. The relative mRNA expression of BDNF among the treatment groups showed no significant
difference. AA ata 1.45 pg/ml concentration resulted in the highest BDNF expression. Data are presented
as the mean + SEM. The control group showed higher BDNF expression than the hypoxic control group.
The higher the concentration of AA given, the higher the expression of BDNF in zebrafish exposed to
hypoxia. AA administration at a 1.45 g/ml concentration in zebrafish exposed to hypoxia resulted in high

BDNF expression compared with the other groups.

development of nerve processes and connections,
involving subplate neurons and neuron synapses, which
regulate brain development and play an essential role in
building cortical relationships with other brain regions
(McClendon et al., 2017).

AA at all concentrations increased the head width in
zebrafish larvae exposed to hypoxia at 3, 6, and 9 dpf. The
longer the time and concentration of AA, the greater the
average head width of zebrafish larvae exposed to hypoxia.
AA could modulate the PI3K/AKT/mTOR signaling
pathway, affecting cell proliferation, growth, translation,
migration, and survival (Hao et al., 2018). This study’s
results follow the author’s previous research, which
showed that administering C. asiatica extract containing
AA could increase the growth of zebrafish larvae exposed
to intermittent hypoxia (Ariani ef al., 2023).
Administration of AA at a concentration of 0.72 pg/
ml on the 9th day resulted in a head width in zebrafish
larvae exposed to hypoxia that was higher than that
in the hypoxia group but similar to that in the normal
group. This result is different from the effect of the
administration of AA at a concentration of 1.45 pg/
ml against zebrafish larvae exposed to hypoxia, which
could decrease both normal and hypoxia control
levels because concentrations that are too high and
for a long time may cause an excessive increase in
biological responses for morphological and locomotor
improvements as well as BDNF expression in zebrafish.
An exaggerated biological response may lead to more
severe tissue damage if not adequately controlled.

Zebrafish larval velocity

Velocity rate measurements showed that zebrafish
larvac aged 3 days under hypoxic conditions
were higher than those under normal conditions.
Administration of AA to zebrafish larvae aged 3 and
6 days also showed no significant difference because
it is possible that at that age, the zebrafish larvae are
still adapting to the environment so that the exposure
that appears can be overly responsive without proper
regulatory control. This research followed Sireeni
et al. (2020). It showed that early development of
zebrafish, age 5, showed a relatively small increase
in cortisol levels or even nothing against mild stress,
such as circles. The administration of AA to zebrafish
larvae exposed to hypoxia at 9 days showed different
significance, with an optimal concentration of 0.72 pg/
ml. This is consistent with a study by Khotimah ez al.
(2015), which showed that administering C. asiatica
extracts to adult zebrafish with a Parkinson’s model
given rotenone improved locomotive activity. Hypoxia
reduces the ability of zebrafish larvae to swim. Based on
Davis et al. (2021), zebrafish larvae at an early stage of
development (5-8 dpf) may show different behavioral
responses depending on the concentration of the
inducer administered. Hypoxia causes mitochondrial
dysfunction and also causes cell damage (Kumar et
al., 2015) and cell death (apoptosis) in dopaminergic
neurons in the substantia nigra (Khotimah et al., 2015).
A decrease in dopamine neurotransmitter synthesis
leads to a decline in the modulation of neuroendocrine
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functions, cognition, attention, and behaviors due to the
disturbance of tyrosine hydroxylase activity (Baek et
al., 2014). Triterpenes in CA function to increase the
levels of antioxidant enzymes, such as glutathione,
catalase, and superoxide dismutase (Sun et al., 2020),
and also increase the levels of the neurotransmitters
serotonin, dopamine, and norepinephrine in the rat brain
(Chen et al., 2005). At the age of 9 days, the velocity
rate of zebrafish larvae exposed to hypoxia and AA was
higher than that under normal conditions because high
concentrations cause locomotor hyperactivity. This
study differs from Licitra et al. (2021), which showed
that administration of C. sativa at a concentration of
0.3 to 1.2 mg/l increased locomotion compared to the
control.

The relative mRNA expression of BDNF

In this study, hypoxia caused a decrease in BDNF
expression. The control group showed a higher average
expression of BDNF than the hypoxic group. Low
BDNF expression results in the decompensation of
neurotrophic processes, and cortical neurons are not
protected, so they are insufficient to maintain nerve
regeneration. The BDNF has a neuroprotective function
through accelerated myelination, reorganization,
and regulation of cerebral tissue neurons in hypoxia-
ischemia-induced injury. BDNF can reduce cell death
and infarct size and improve sensorimotor recovery
after HI injury (Gorgij et al., 2021). There was an
increase in BDNF expression due to the administration
of AA to zebrafish larvae exposed to hypoxia compared
with hypoxic controls. The administration of AA at
concentrations of 0.72 and 1.45 pg/ml to zebrafish
larvae exposed to hypoxia increased BDNF expression
compared with both the control and hypoxia groups
because BDNF plays a role in neuroinflammation in
the injured central nervous system (CNS) to modulate
inflammatory homeostasis (Lai et al., 2018). AA is
neuroprotective by suppressing oxidative stress and
apoptosis in HI-induced brain injury (Ding et al.,
2018). Xu et al. (2013) found that madecassoside in
C. asiatica can improve cognitive performance by
increasing the expression of BDNF so that neuronal
cells become more resilient (Sbrini et al., 2020).
Moreover, AA inhibits transforming growth
factor P-activated kinase 1 activation, suppresses
p-JNK (c-Jun N-terminal kinase) expression, and
targets proapoptotic factors in the brain cortex. AA
significantly suppressed HI-mediated upregulation of
caspase-3, p53, and p-c-Jun expression in the rat brain
cortex (Wang et al., 2019). Research by Yang et al.
(2016) showed that madecassic acid in C. asiatica
significantly reduced hypoxia-induced oxidative stress,
increased cell viability, decreased TUNEL and reactive
oxygen species ratios, and lowered malondialdehyde,
caspase-3 and caspase-9 activity, as well as the Bax/
Bcl-2 ratios. BDNF is a potent regulatory mediator
in the CNS, such as neurogenesis, growth, and
physiological function of neurons to prevent cell death

during hypoxic conditions (Lai et al., 2018). The
existence of high BDNF expression can be followed
by growth and high locomotor in hypoxic conditions.
Administration of AA concentration of 0.72 pg/ml
and at 9 dpf could have neuroprotective effects on the
brain in zebrafish larvae exposed to hypoxia because
of the increased head width, velocity rate, and relative
expression of BDNF.

Conclusion

Hypoxia during intrauterine development decreases
zebrafish larvae on head width and velocity rate. An AA
concentration of 0.72 pg/ml and exposure at 9 dpf was
neuroprotective to the brain in zebrafish larvae exposed
to hypoxia.
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