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ABSTRACT

Exposure of the brain to Valproic Acid (VPA), an anti-
epileptic drug, during critical periods of postnatal brain development
can lead to motor behavioral and neuroanatomical anomalies
congruent with autism-spectrum disorders (ASD) in people
diagnosed with autism. Loss of Purkinje cells (PC) in the
cerebellum and retardation and regression in acquired motor
behaviors are the main diagnostic features of autism pathophysiology.
Since autism afflicts 4 in 10,000 children globally, there have
been ongoing efforts to address autism by means of ameliorative
agents such as bioactive compounds from plants. Preliminary
phytochemical screening of the ethanol leaf extract of Ziziphus
talanai (Balakat tree) revealed the presence of bioactive chemicals
with neuroprotective potentials. This study employed 8 mice
pups distributed into 4 groups that received the treatments on
postnatal day (PND) 14-16: T- received no treatment; T+ received
VPA at 400 mg/kg bw; T1 received 400 mg/kg bw of VPA and
300 mg/kg bw ethanol leaf extract of Z. talanai (ELEZT); and
T2 received VPA at 400 mg/kg bw and 400 mg/kg bw ELEZT.
T+ exhibited retardation in negative geotaxis maturation,
regression of acquired skill for mid-air righting reflex, and
density reduction in Purkinje cell layer. ELEZT administered
at 300-400 mg/kg bw to T1 and T2 have resulted in comparable
significant improvements in neurobehavioral retardation and
regression and cytological structure of the PC cells in contrast
with T+. These results suggest that the ELEZT possesses
ameliorative potentials against behavioral aberrations and altered
cerebellar histology in VPA-induced postnatal autism in murine
models.

1. INTRODUCTION

Autism is a developmental disorder affecting approximately
4 in 10,000 children and is much common in males than in
females in a ratio of ~4:1. It has been reported that the incidence
of autism has been increasing exponentially over the last decade'-2.
Regression, retardation, and intrusion of behaviors are indications
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of persons diagnosed with autism. Genetic factors
and early environmental exposure to toxicants
during gestation result in the development of
autism in individuals due to neuronal cell death or
post-natal brain damage®*°. A prominent feature
present in the pathological studies of autism is
the evidence of reduced number of Purkinje cells
(PCs) in the posterolateral cerebellar cortex- %7,
Valproic acid (VPA) is used in the treatment of
psychiatric conditions by its modulation of GABA
neurotransmission®. Studies on animal models
demonstrated behavioral impairments upon postnatal
exposure to VPA®. Literature indicates that phenolic
phytochemicals can serve as ameliorative agents by
preventing oxidative stress and inflammation®. It
has been shown that plants containing ameliorative
agents can mitigate autism-like behavior! '
Antioxidants are abundant in the genus Ziziphus,
to which Ziziphus talanai belongs!'?. Previous
phytochemical analysis of Z. talanai has confirmed

Table 1. Treatment groups
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the presence of phenolic compounds in its ethanolic
leaf extract 3.

There is a paucity of data concerning the
ameliorative potentials of Z. falanai against VPA-
induced motor behavioral aberrations and cerebellar
abnormalities. This study, therefore, was a seminal
evaluation of the ameliorative potentials of Z. talanai
against motor behavioral aberrations and cerebellar
abnormalities due to VPA-induced autism in mice
model.

2. MATERIALS AND METHODS
2.1. Treatment groups

The study investigated the ameliorative
activity of varying concentrations of the crude
ethanolic leaf extract of Z. falanai (ELEZT) against
aberrations in motor behaviors and cerebellar
architecture in mice offsprings postnatally exposed
to VPA to induce autism. Table 1 gives a complete
description of the treatment groups.

Treatment Groups

Treatments

T- (Negative Control)

Mice pups were treated with distilled water (300 pl/kg bw)

T+ (Positive Control)

Mice pups were treated with VPA (400 mg/kg bw)

T1 Mice pups were treated with VPA (400 mg/kg bw) and ELEZT (300 mg/kg bw)

T2 Mice pups were treated with VPA (400 mg/kg bw) and ELEZT (400 mg/kg bw)

2.2. Plant material

Adult leaves of Z. talanai were obtained from
trees situated along the periphery of a recreational
park located in Mabiga, Mabalacat City, Pampanga,
Philippines. Collected leaves of Z. talanai were
sent to Jose Vera Santos Memorial Herbarium,
Institute of Biology, College of Science, University
of the Philippines, Diliman, Quezon City, Philippines
for taxonomic authentication. The Herbarium
authenticated that the sample belongs to Ziziphus
talanai (Blanco) Merr.

2.3. Experimental animals

All measures in this study in relation to the
experimental animals were performed in accordance
with the procedures specified in the Guidelines
for the Care and Use of Mammals in Neuroscience
and Behavioral Research published by the National

Research Council'®. A total of 8 mice pups were
used as animal models in the study. For the four (4)
treatment groups, two (2) replicates of experimental
animals were assigned. The pups were given birth
by reproductively mature female mice mated with
reproductively mature males purposely for this
study. Ten (10) pairs of parent mice were purchased
from the Zoology Department, Institute of Biology,
College of Science, University of the Philippines,
Diliman, Quezon City, Philippines. After purchase,
the parent mice were given two (2) weeks to
acclimatize to the new environment. Reproductively
mature females and males were placed in separate
improvised plastic cages with dimensions of 0.5
x 0.5 x 0.5 m. Then the females and males were
randomly selected for mating purposes. Upon the
birth of mice pups, they were weighed using a digital
weighing scale. Two significant figures were used
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in the measurement of various parameters. The
improvised square cages were made up of wood
and plastic, measuring 0.5 x 0.5 x 0.5 m for the
containment of each mouse litter along with the
mother. This was done to prevent the animals
from hurting each other and stress. Dried wood
pulps were provided as bedding for the mice. The
mice were maintained in an environment with
12/12-hour light/dark cycle at room temperature.
They were given commercial grade pigeon pellets
and water ad libitum. Hygienic conditions and
proper ventilation were maintained'*'*.

2.4. Preparation of ethanol leaf extract

Leaves of Z. talanai were air-dried for
seven (7) days in a well-ventilated room at room
temperature away from direct sunlight to avoid
the loss of valuable bioactive compounds. Dried
leaves were cut into small fragments and were
homogenized into a fine powder using an electric
blender and sieved to separate coarser materials.
Powdered leaves were soaked in two (2) L of
70% ethanol for 72 hours at room temperature.
Separation of solid and liquid portions was done
using Whatman filter paper no.1. To eliminate the
solvent ethanol, the liquid part of the solution was
sent to the Center for Research and Development
of Angeles University Foundation, Angeles City,
Pampanga, Philippines for rotary evaporation. The
treatment dosages of 300 mg/kg and 400 mg/kg of
the leaf extract for administration were computed
based on the body weight of the mice pups. Samples
were stored in the refrigerator until use'*.

2.5. Percentage yield

(M,/M,) X 100, wherein M, is the mass
of the semi-solid portion of the ethanol extract
and M, is the mass of leaves prior to extraction.
M,is 57.32 gand M, is 825.36 g. Percentage yield
=57.32¢g/825.36 g X 100 = 6.94 %.

2.6. Preparation of VPA

VPA syrup (250 mg per 5 mL), commercially
available as Depakene, was purchased with a
prescription from Mercury Drug Store in Dau,
Mabalacat City, Pampanga, Philippines. One (1) mL
of the VPA syrup contains 50 mg of VPA, and 8
ml/kg (bw) was the calculated amount to achieve
the dosage of 400mg/kg (bw)’. The mice pups
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were weighed using a digital weighing scale and
the volume of administered VPA was computed
based on the aforementioned dosage.

2.7. Administration of treatments

The administration of treatments was done
via oral intragastric technique for three (3) days
to induce autism-like features in mice pups.
Administration of VPA syrup was conducted
from postnatal day (PND) 14 until PND 16. The
administration of ELEZT was undertaken six (6)
hours after the administration of VPA syrup to allow
for the half-life of the VPA®!!-9,

2.8. Motor behavioral assessments
2.8.1. Negative geotaxis

The assessment of the negative geotaxis
of the experimental mice pups was done by placing
them on a 45° slope with their head pointing down
the incline. The time it takes for the mice pups to
turn 180° axially so that they are facing upward
to the incline was recorded. A maximum time of
thirty (30) seconds was given to the mice pups
in each trial. This test was performed on PND
14-15%1,

2.8.2. Hanging grip wire test

This test evaluates the muscle strength of
mice pups to hold their body weight using their
forelimbs and hindlimbs upon placement on an
inverted grid wire surface measuring 30 cm x
18 cm with 1.2 cm grid squares. The latency of
the mice pups to let go and fall off the inverted
grid wire was recorded with a maximum of 30
seconds for each trial. The test was performed on
PND 14-15°.

2.8.3. Mid-air righting reflex

Mid-air righting reflex was performed on
PND 14-16 by dropping the offspring mice upside
down from a height of thirty (30) cm onto a padded
surface. The time of rostrocaudal movements and
the ability to land by their hind limbs were observed
and recorded as an index’.

2.9. Histopathological analysis of cerebellar tissue

Cerebellum of the mice pups was fixed
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in 30% sucrose phosphate buffer overnight. This
was prepared by dissolving three (3) gm of sucrose
in seven (7) ml of phosphate buffer. The samples
were sent to High Precision Diagnostics in Angeles
City, Pampanga, Philippines for tissue slide prepara-
tion. Briefly, 1 mm? tissue blocks were cut from
the cortex of the cerebellar hemispheres, processed
and routinely embedded in paraffin. Thin sections
of cerebellum were stained with haemotoxylin
and eosin (H&E) and examined under the light
microscope'®. The prepared slides of mice pups’
cerebellum were observed under scanner (40x),
low power (100x), and high power (400x) objectives.
Alterations of the cerebellar cytoarchitecture were
assessed at random microscopic fields.

2.10. Statistical analysis

Statistical analysis of the mean latency
scores of negative geotaxis and hanging wire grip
test on PND 14-15 was performed using One-Way
Analysis of Variance (ANOVA), followed by
Tukey HSD post-hoc test. A p-value less than .05
was accepted as statistically significant. Statistical
treatment was done using GraphPad Prism version 6
(available online at www.graphpad.com).
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3. RESULTS
3.1. Effect of ELEZT on negative geotaxis

Figure 1 shows that T- mice pups have a
very low mean latency score signifying normal
geotactic behavior. T+ mice pups showed high
mean latency score suggesting that the mice have
autism-like features. Further, mice pups of TlI
scored low mean latency scores on the negative
geotaxis test. Mice pups on T2 scored much lower
mean latency score on the negative geotaxis test.
With an F(“) = 10.29, p = 0.0234, there is a
significant difference in the mean latency scores
of treatment groups. The results clearly indicate
that the treatments of the mice pups on PND 14
have a clear effect on the latency scores. T- and
T2 had statistically lower mean latency score than
T+. T-, T1, and T2 had comparable mean latency
scores. This suggests that VPA had induced aberration
on the negative geotaxis of T+ mice pups as
indicated by the statistically higher mean latency
score. Further, T2, which received 400 mg/kg bw
of ELEZT, had statistically lower mean latency
score than T+, which is comparable with T-,
suggesting that ELEZT had ameliorated the
effects of VPA.

Negative Geotaxis (PND 14)
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Figure 1. Mean latency scores of the negative geotactic response of mice pups administered with

different treatments on PND 14
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Figure 2 displays the mean latency scores
for the negative geotactic response of mice pups
from different treatment groups on PND 15. T+
scored the highest mean latency scores suggesting
the mice pups have autism. Statistical analyses,
however, revealed that the latency scores of the
treatment groups were not statistically different,
Foun= 2.513, p = 0.1973. But the mean latency
scores of T1 and T2 are comparable to that of
T- suggesting that ELEZT continued to have an
effect on the animals’ negative geotaxis.

3.2. Effect of ELEZT on muscle strength

The latency of the mice pups to grip on a
wire mesh until they fall on a cushioned surface
was assessed on PND 14-15.

Figure 3 displays the mean latency scores
for the hanging grip wire test of mice pups on
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PND 14. T2 appears to be the highest, followed
by T-, T+ and T1. Due to the high variability in
both T1 and T2, the One-way ANOVA showed no
significant differences in the mean latent scores
of the four treatment groups, Fop= 0.9740, p =
0.4880. Figure 4 presents the mean latency scores
for the hanging grip wire test of mice pups on
PND 15. Almost consistent with PND 14 results,
T2 showed the highest latency score followed by
T1, T- and T+. Due to the high variability in the
data, the One Way ANOVA revealed no signifi-
cant differences in the means of the latency scores
of the four treatment groups, Fop= 0.4250, p =
0.7460. Though not statistically significant, T2 in
both PND 14 and 15 appeared to have the highest
endurance suggesting that the ELEZT may have
ameliorated the effects of VPA. Such effects may
still be biologically significant.

Negative Geotaxis (PND 15)
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Figure 2. Mean latency scores of the negative geotactic response of mice pups administered with

different treatments on PND 15

333



AC. Tejano et al. Pharm Sci Asia 2020; 47 (4), 329-339

Hanging Wire Grip Test (PND 14)
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Figure 3. Mean latency scores of mice pups in hanging wire grip test administered with different
treatments on PND 14

Hanging Wire Grip Test (PND 15)
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Figure 4. Mean latency scores of mice pups in hanging wire grip test administered with different
treatments on PND 15
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3.3. Effect of ELEZT on mid-air righting reflex

The ability of the mice pups to right their
body upon drop from a height of 30 cm onto a padded
surface and land by their hindlimbs was tested on
PND 14-16. Mice pups were given a positive (+)
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score if it was successful in two out of three trials
for the test. Mice pups were given a negative (-)
score if it was unsuccessful in two out of three trials.
Table 2 shows the results of mid-air righting reflex
of mice pups from different treatment groups on
PND 14-16.

Table 2. Scores of mid-air righting reflex on PND 14-16

Treatment groups

PND
T- T+ TI T2
PND 14 + - - +
PND 15 + + + +
PND 16 + - + +

T- has shown positive mid-air righting
reflex in all trial days in terms of their ability to
right their body dorsoventrally to be able to land
on all four paws on the ground. T+ was given a
negative assessment on PND 14 and PND 16.
However, T+ got a positive assessment on PND
15. The results of T+ indicates that VPA has a
clear effect on the mid-air righting reflex of mice
pups on PND 14 and 16. Although an overall positive
assessment was given on PND 15, negative
assessments on PND 14 and 16 clearly suggest
that postnatal exposure to VPA affects endurance,
a clinical sign of autism. Wagner suggests that the
acquired skill of mid-air righting have been lost
to the mouse, to the point that it had regressed’.
This is attributed to the dysfunction of motor
coordination function in the cerebellum with the
impairment of association of the efferent signals
from the cerebral cortex to the cerebellum'.

T1 was given a negative assessment on PND
14 but positive on PND 15 and16. The results
suggest that ELEZT is capable of ameliorating
the effects of VPA to the endurance of mice pups.
T2 was given a positive assessment for all trial
days. This result indicates that ELEZT at 400 mg/
kg was able to ameliorate the effects of VPA on
mid-air righting reflex of mice pups. The qualitative
test revealed that the administration of VPA on
mice pups impaired their ability to control the
alignment of the dorsal and ventral portions of the
body in mid-air. This resulted to mice pups landing
on their back for being unable to control rostrocaudal
alignment and body movements (See Wagner?).

This shows regression in the ability to right the
body in mid-air of the mice pups subsequent to
postnatal exposure to VPA. Since this ability is
linked to cerebellar activity, it implies disruption
in normal cerebellar function on motor activity
due to damage to cerebellar structure!” '8,

3.4. Effect of ELEZT on the cerebellum

The effects of ELEZT on cerebellum are
shown in Figure 5. Figure 5A shows that the number
and size of Purkinje cells are normal in the
cerebellum of T- mice pups. Figure 5B showed
that VPA significantly reduced the population and
size of Purkinje cells present in the cerebellum of
T+ mice pups. Vacuolations in cell bodies of Purkinje
cells are also evident suggesting the negative effects
of VPA on the cerebellum. Figure 5C and 5D
show that the sizes and densities of Purkinje cells
were improved when compared to that of VPA-
treated mice pups. Both doses of ELEZT, 300 mg/kg,
and 400 mg/kg, significantly improved the number
and size of Purkinje cells in the cerebellum of T1
and T2 mice pups.

Granule cells within the Granular layer
(GL) are normal in the cerebellum of T- mice
pups. The Molecular layer (ML) is also evidently
normal. GL and ML in the cerebellum of T+ mice
pups are disrupted. In contrast, cerebellums of
T1 and T2 mice pups showed improvements in
the structure of GL and ML. These suggest that
ELEZT can also mitigate the effects of VPA not
only on Purkinje cells but also on GL and ML.
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Figure 5. Effects of ELEZT on the cerebellar tissue: (A) negative control group (T-); (B) VPA-treated
group (T+); (C) 300 mg/kg ELEZT + VPA (T1); (D) 400 mg/kg ELEZT + VPA (T2). Red
arrows point to Purkinje cells; Molecular layer (ML); Granular layer (GL)

4. DISCUSSION

The study was conducted to assess the
effects of postnatal exposure of VPA, a neurotoxicant,
to a developing mouse cerebellum and the amelio-
rative potential of ELEZT through improvement
of motor behaviors and cerebellar abnormalities.
Since the treatment of ELEZT involved two different
dosages — 300 mg/kg and 400 mg/kg — it is worth-
while comparing the effects of the two doses in
terms of their ameliorating activities against VPA-
induced motor behavioral aberrations and cerebellar
abnormalities. The comparison between the two
dosages was done in order to determine which
concentration of ELEZT exhibits the most potent
effect in ameliorating the pathological effects of
VPA on motor behaviors and cerebellum in mice

pups. Furthermore, the comparison between the
two treatment dosages was made to determine if
the ameliorating activities of ELEZT is dose-
dependent or not.

Since plants that contain polyphenols
are known to possess ameliorative potentials, the
restoration of the latency scores of the mice pups
can serve as basis for the ameliorative effects of
ELEZT by mitigating the oxidative damage in the
cerebellum induced by postnatal exposure to VPA
311.19.20 The genus Ziziphus is abundant in species
that possess phytochemicals with antioxidant and
free-radical scavenging potentials that can be
attributed to the presence of several phenolic
compounds'*?'. Hence, Ziziphus species can be great
sources of ameliorative agents against autism.
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Based on the behavioral assessments of
the mice treated with VPA, previous studies have
revealed that the half-life of the drug is seven (7)
hours in newborn rodents and higher groups of
mammals such as sheep?>?*24, Since the dosage of
the oral administration of the drug was calculated
based on the weight of the mice pups and this was
administered prior to the behavioral testing, it can
be suggested that the behavioral aberrations are
pathological effects of VPA on the cerebellum
and not biological artifacts.

Autistic-like behaviors are shown to be
correlated with changes in the cerebellar cell number,
particularly the reduction of the Purkinje cells*- 2.
Skills that require complex spatial organization
along with working memory are shown to be
compromised in children with autism?*’.

The results of the study revealed impaired
motor behaviors and altered cerebellar histology in
mice pups induced by VPA administration during
the critical period of postnatal brain development.
Significant reduction in the number of the Purkinje
cells is parallel to the loss of granular cells, with
disruption in the structure of the cell monolayer.
The vulnerability of the Purkinje cells is explained
by their high metabolism and excitability. The
atrophies of the different cell layers of the cerebellum
can be attributed to a regulatory mechanism.
Purkinje cells determine the size of the granule
cell population by expressing molecules necessary
to the establishment of the size of the proliferative
population of granule cells, which occurs in the
postnatal period?.

Aberrations in motor behaviors were
observed on mice pups treated with VPA based on
the delayed latency in negative geotactic response
and shorter latency in the hanging wire grip test.
Regression in the acquired motor behavioral ability
to right in mid-air was also shown. This is attributed
to damaged Purkinje cells since these cells are the
main output mechanism of the cerebellum. Granule
cells maintain their excitation. Disruption in both
of these cells can cause mismanagement of coordi-
nation of signals that leads to impaired execution
of motor actions®.

The findings of the study support studies
regarding the ameliorative activities of the genus
Ziziphus by improving the cytological and histo-
logical parameters of the cerebellum. These were
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observed in mice pups treated with the different
dosages of ELEZT. Motor behavior test scores of
ELEZT-treated groups were shown to have improved.
The ameliorative activity exerted by the extract
can be attributed to the phenolic compounds
present in the extract. The pharmacological activities
of ELEZT were recently reported by Reyes et al.">.
Phenolic compounds were also reported as neuro-
protective compounds®.

Insult on the developing brain is one of
the designated etiologies of ASD*'. Exposure to
VPA has been documented to cause abnormalities
in animal models similar to those exhibited by ASD-
diagnosed individuals®’. Epidemiological studies
have reported increasing incidence of ASD among
the population over the past years, and this disorder
puts a heavy burden for the family of the diagnosed
individual due to the expense in management and
therapy. This preliminary study on the ameliorative
capability of the Z. talanai is a step further in the
phytomedicinal approach in the search for potential
attenuative agents against the developmental deficits
of ASD.

5. CONCLUSIONS

Based on the findings of the study, it can be
concluded that ethanolic leaf extract of Z. talanai
at 300-400 mg/kg bw exerted ameliorative activity
leading to the improvement of motor behavior
aberrations and cerebellar abnormalities in mice
models induced by postnatal exposure to VPA.
The results suggest that the Z. talanai ethanolic
leaf extract can ameliorate the autism-like clinical
signs in VPA mice model of autism. Future endeavors
related to the study may be conducted to identify
the potent polyphenols present in the different
parts of the plant and to elucidate the mechanistic
pathway for the amelioration of VPA-induced
autism by Z. talanai ethanol extract.
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