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ABSTRACT

Autism spectrum disorder (ASD) is counted as a worldwide public health problem. The possible causes of ASD are
reactive oxygen species and free radicals. So, this study is aimed to evaluate the effects of Gallic acid, as an
effective antioxidant, on histopathologic disorder of the cerebellum in valproic acid-induced autism animal models.
30 pregnant female rats were randomly divided into 5 groups, including: control, autism (or VAP) and experimental
1, 2 and 3. Using a gavage needle, Gallic acid administered orally until about2 months of age. After the end of the
treatment period, the rats were anesthetized with ether and their cerebellar tissues were removed for
histopathologic studies. A significant decrease in the number of Purkinje and granular cells was observed in this
study in VAP group compared to the control group (P<0.05). A trend toward improvement was observed in the
groups received 100 and 200 mg/kg of Gallic acid (P<0.05). The results of this research revealed that Gallic acid
reduces the side effects caused by valproic acid on cerebellar tissue of autistic rats. So, it should be considered for
therapeutic goals.
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INTRODUCTION

Autism is a kind of developmental disorder of sbo@ations. It is related to nervous system anaratterized by
abnormal behavioral and verbal communications. 3gmp of the disorder occur before three years efayl its
main cause is unknown. The disorder is more comimmdioys than girls. Normal growth of the brain figured in

this impairment in the area of social interactiamsl communication skills. Children and adults vatitism have
difficulty with verbal and nonverbal communicatigrs®cial interactions and activities related to gaRepetitive
movements (e.g. hand flapping and jumping), unusesgonses to individuals, interest to objects @ndsistance
to variation are observed in these patients [1\vds also stated that autism has a series of pafisal symptoms
such as reduced number of cerebellar Purkinje aeliéor change in size of the brain, so that tlaénbrof children
with autism vary in size and structure from theimiet normal children [2]. According to anatomicdlidies on the
brain of individuals with autism after their deatlgrious areas of anatomical abnormalities in thenbof the

patients have been identified. These areas inclih@enervous system of the brain (limbic systeim, ¢erebellum
and the structure of the inferior olive. Increasedular density through increase of small nerviéisde observed in
limbic, hippocampus and amygdale systems and Engrbortex [3]. So study on changes of the centslous
system (CNS) in individuals with autism can helgaster and more effective treatment of them.

Studies have suggested that there is no certainfourautism; however medications prescribed ferghtients with
autism are often for control of their secondary pyoms such as hyperactivity, sleep disorder ancatgpical
behaviors. Antioxidants prevent cell damages atiddeath caused by free radicals. In case thaetlgeno adequate
antioxidant in the body, free radicals cause oxdastress. Oxidative stress is associated witleldgmental delay
and neurological disorders and also many otherades processes. Recent studies have indicatedxidative
stress is higher in children with autism [4]. Ottstudies have showed that antioxidant nutrients iogrove
autism-related disorders [5]and one of them is iGatid antioxidant with chemical formula ofOs that is
commonly used in pharmacy. Gallic acid plays asaatioxidant and helps cells in protection from @tide
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damages. Due to its biological activity, Gallicddias anti-bacterial, anti-viral and anti-inflamorgt actions and
the evaluation of its antioxidant effects have shdfwrough tyrosinase activities [6]. The effect@dllic acid has
reported on reduction of various neurological digws, including Alzheimer’s disease associated démentia and
memory loss [7]. Earlier studies have shown thapgrseed has abundant Gallic acid. Various amafntisis
compoundare effective in nervous system diseasgs Rarkinson’s disease) [7, 8]. Balu et al.,00% showed that
memory impairment in old mice improves using artiaxt properties of grape seed extract. These piepere
attributed to the antioxidant properties of polypbls such as Gallic acid [9]. According to publidhstatistics in
recent years, increased patients with autism aeil froblems in family and society as well as thsemnce of a
certain cure for them have led to perform seveeakarches in this field to treat and prevent from disease.
Nowadays by proven of the impact of antioxidantgestoration of cells and reduction of oxidativéiaty in cells,
we decided to review the impact of Gallic acid, ethis one of the most effective antioxidants, cstdpathologic
disorder of the cerebellum in valproic acid-induestism animal models.

MATERIALSAND METHODS

This study was conducted in laboratory and was ¢etely random. The animals used in this experiniecitided

30 adult female rats (for pregnancy) and 30 adalensprague Dawley rats, which were all preparech fBreeding
and Keeping Center of Laboratory Animals relate@tiraz University of Medical Sciences and thetetsEthics,
international rules and standards of Ethical Cornamitof Laboratory Animals were observed in all sla@f

working with animals. Prior to categorization, vaai smear was prepared at first from female ratsthose rats
which were in estrous cycle were placed in a caijle & male rat for mating. One day after matings #mimals
were examined for assurance. In case of observafioraginal plug or presence of spermatozoa invhginal

smear, that day was determined as zero day of anegn

After initial weighing, the pregnant rats were ramdy divided into 5 groups of 6 each.
Control group: this group administered no treatnaemt only received laboratory standard water andgo

Sham group (VPA): female rats in this group wetteaiperitoneally received 500 mg/kg of valproic aaid12.5'
day of preghancy. The animals also received nogalithe (as the solvent of the medicine)via gavaike similar
dose of the medicine administered to the experialgmobups from 18 day of pregnancy.

The experimentall group: female rats in this graugwe intraperitoneally received 500 mg/kg of valpracid at
12.5" day of pregnancy. The animals also received 5&gnof Gallic acid via gavage from T@ay of pregnancy.

The experimental2 group: female rats in this graugwe intraperitoneally received 500 mg/kg of valpracid at
12.5" day of pregnancy. The animals also received 10@&gnuf Gallic acid via gavage from 1@lay of pregnancy.

The experimental3 group: female rats in this graugre intraperitoneally received 500 mg/kg of valpracid at
12.8"day of pregnancy. The animals also received 20&gnof Gallic acid via gavage from $@ay of pregnancy.

10 g vial of valproic acid powder used in the studgs purchased from Sigma Corporation. Injectionthef
medication was conducted as a single dose at"1®a§ of pregnancy. It should be noted that the evstiwere
administered Gallic acid via gavage from"iday up to 2% day of pregnancy. Newborn male and female rate wer
gavaged with Gallic acid from #4day of birth up to 60 day.

In order to dissection process and tissue-sepagtadith the animals were placed within anesthesiacgataining
cotton soaked in diethyl ether and anesthetized.skhll bones were separated without any damateetbrain and
it was removed. In this case, the brain tissue mlased into a glass chamber containing 10% bufféoechalin
[10]. The tissues were then sent to pathology ooy for preparing of slides and staining with Heozylin and
Eosin stain. To study the tissue sections, thed tatmber of cerebellar Purkinje and granular cets estimated in
different parts of the cerebellum and in both h@inéses. Random sampling method was used in thie stad
astrolite software was also used to count the nurRbekinje and granular cells in folia 1V, V and.VIhe cells
were counted in a reference frame [11, 12]. It &hailso be noted that detection of folia IV, V avilin rats was
performed using Paxinos and Watson rat brain aflae. raw numbers obtained from behavioral studies the
results of histological studies were evaluated gisBPSS software and analyzed through one-way asabfs
variance (one-way ANOVA) and Tukey’s test and coradaseparately and with each other. Their chartewe
drawn based on information obtained from analy$ithe numbers. The used values are meaandard deviation
error (SEM) and R0.05 is considered as the significance level.
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RESULTS

According to Charts (1) and (2), a significant retittn at level of P<0.0001was observed in the nunob@urkinje
cells in folium IV of both hemispheres and foliumdf the left hemisphere in the VPA group comparedhie
control group. The results also showed the pratecéiffect of Gallic acid on the number of Purkimells in
Exerimental3 group compared to the VPA group atll@f P<0.0001. However, no significant changedliaf |V

and V was observed the Experimentall and 2 growpspared to the VPA group £90.05). No significant

difference was also observed at level &f0F05 between the number of Purkinje cells in féWfaand V of both
hemispheres.

Chart (1): Theresultsrelated to the number of Purkinje cellsin folium 1V in both hemispher es of the cer ebellum
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Chart (2): Theresultsrelated to the number of Purkinje cellsin folium V in both hemispheres of the cerebellum
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According to the Chart (3), a significant reductiarthe number of Purkinje cells in folium VI in thohemispheres
was observed at level of<®.01 in all groups received VPA (except the Expental3 group). No significant

difference between the numbers of Purkinje cellfolium VI in both hemispheres was also observettat! of
P<0.05.

Chart (3): Theresultsrelated to the number of Purkinje cellsin folium VI in both hemispheres of the cerebellum

@ Left hemisphere

a
180
» i i ab
-
- Right hemisphere G
ab
120 ]
= > b L
8O
60
a0
20
o4

Control VPA VPA-Stmpny VPA- *180myky VPA+200mpky
G.A

The density of Purkinje cells in folium VI
(number/mm*)

Groups

According to the Charts (4) and (5), a significdatline at levels of P<0.01 and P<0.001 in the remal granular
cells in folia IV and V in both hemispheres wasatsd in VPA group compared to the control groegpectively.
The number of granular cells in folium 1V showee throtective effect of Gallic acid on the numbergodnular
cells in Experimental3 group (P<0.05) in the le#niisphere as well as in Experimental3 (P<0.001) and
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Experimental2 groups (P<0.05) in the right hemisph®ompared to the control group. However, no §icamt
change was observed in Experimentall comparedetd/BA group. No significant difference at level R£0.05
was also observed between the numbers of grareilarie folium IV.

The number of granular cells in folium V showedtthize decline in the number of granular cells ie tbft
hemisphere had been blocked at all received dds@sltic acid; so that a significant differencelatel of P<0.05
was only observed in Experimental3 compared toMR& group. However, the results related to the nemrdif
granular cells in the right hemisphere were alshiceted the power of Gallic acid in prevention froeduction in
the number of granular cells in Experimental2 argt@ips compared to the VPA group. No significaffecence
at level of <0.05 was also observed between granular celldivmfov.

Chart (4): Theresultsrelated to the number of granular cellsin folium 1V in both hemispher es of the cer ebellum
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Chart (5): Theresultsrelated to the number of granular cellsin folium V in both hemispher es of the cerebellum
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According to the Charts (6), a significant declatdevel of P<0.05 in the number of granular call$olium VI in
both hemispheres was observed in the VPA group aoadpto the control group. The results also indidahe
protective effect of Gallic acid on the number abmular cells in Experimental3 group(P<0.05) in tbé&
hemisphere and in Experimental2 and 3 groups (P¥00the right hemisphere of the cerebellum coragdo the
VPA group. However, no significant difference wabserved in Experimentall group in both hemispheres
compared to the VPA group. However, a significaiffecence was observed in Experimentall group & right
hemisphere compared to the control group. Therealgmsno significant difference at level o£8.05 between the
numbers of granular cells in folium VI in both hespiheres.

167



Parvin Samimi et al

Int J Med Res Health Sci. 2016, 5(6): 164-171

Chart (6): Theresultsrelated to the number of Purkinje cellsin folium VI in theright and theleft hemispheres of the cerebellum
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Image 2: The photomicrograph of cerebellar tissuein VPA
group, (H& E stain; 400 x magnification)

The reduced number of healthy Purkinje cells aeit titrophy
(yellow arrow) is specified in the above image t&at the nucleus
is inseparable from the cytoplasm and the nuckedssplaced
from the center of cell to the wall of the cytoptas membrane.
Purkinje neurons have been actually experiencedleath. The
nucleus of some of granulosa cells (red arrow)@n#inje cells
have been experienced pyknosis. So, tissue darsatgarly

visible.

it indicates the significant difference at level of P<0.05 between the groups.

Image 1: The photomicrograph of cerebellar tissuein the control
group (H&E stain; 400 x magnification)
The large number and accumulation of Purkinje ¢g#$low arrow) is
clearly observable in the above image so that magh or pathological
damage is observed.
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Image (4): The photomicrograph of cerebellar tissuein the
autism group + 100 mg/kg of Gallic acid, (H& E stain; 400 x
magnification)
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Image 3: The photomicrograph of cerebellar tissuein the autism
group + 50 mg/kg of Gallic acid, (H& E stain; 400 x magnification)
The reduced number of healthy Purkinje cells and their atrophy is

The decline in the number of healthy Purkinje and granular cells
has been partly prevented in above image. However, there are till
some cellswith pyknotic nuclei in the cerebellumtissue (red
arrow).

specified in above image. The nucleus of some of granulosa cells (red
arrow) and purkinje cells (yellow arrow) have been experiencedpyknosis.
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Image (6): The photomicrograph of cerebellar tissue; counting
the number of granular cellsusing astrolite software; (H& E
stain; 400 x magnification); just available cellsin theframe are

Image (5): The photomicrograph of cerebellar tissuein the autism
group + 200 mg/kg of Gallic acid, (H& E stain; 400 x magnification)
The decline in the number of healthy Purkinje cells has been prevented in

counted in above image. above image. A sensible pathological damage in granular cellsis not

observed, so that their nucleus and cytoplasmare well visible.
DISCUSSION

There was a significant decrease in the numbeuddifje and granular cells in folia IV, V and VI tfe cerebellum
in the VAP group compared to the control group.tisat reduction of the above cells was preventetthéngroups
treated with Gallic acid at doses of 100 and 200kmgNo significant changes were observed in tfrugrreated
with Gallic acid at dose of 50 mg/kg compared wvtite VAP group. Therefore it can be said that Galtid acts in
a dose dependent manner. Some studies have shaithithcompound has a great ability to reduceaiiid stress
and through this way it protects from the centelvous system [13]. Ballu et al. in 2005 showed tirape seed
extract reduces memory impairment in old mice dughte presence of high amounts of polyphenol artan
types (e.g., Gallic acid) [9].Previous studies halg® shown that grape seed extract, which contdinadant Gallic
acid, in hypoperfusion ischemia disease as wellan®us amounts of Gallic acid in Prakinson’s dgse@crease
delay time in coming down from a platform in avaida memory test [7, 8].These antioxidants in tharbare
effective in prevention and treatment of disordeesised by oxidative damages; and possibly as a rfdwe
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antioxidant, Gallic acid is able to improve memanyd learning and to protect from cellebellar detiom and
tissue damage [9]. Improvement in different paftshe cerebellum was also observed in this studghéngroups
received Gallic acid. This indicates the antioxidaroperty of the compound. Vali Zadeh in 2012 eded that 10-
day oral administration of Gallic acid can imprapatial learning and memory impairment caused tg-bmyloid
injection in Alzheimer’s animal models [14]. In adlon, it was found that the antioxidant effecttbfs group of
compounds is through increased level of enzymegeito antioxidant system including glutathioneogilase;
and on the other hand, these compounds are abbditwe production of end-products of lipid perokioia (e.g.
malondialdehyde) [7].

It has found in a study that was conducted by RRfa et al. in 2013 that Gallic acid has impacttia central
nervous system so that this compound increasesémory in healthy and sick mice [15]. Gallic acigshwell
explained as a scavenger of free radicals. Givethd¢aantioxidant effect, extracts of plants coritagnGallic acid
have shown anti-diabetic, anti-melanogenic propsrtis well as reduced incidence of myocardial d¢titam and
oxidative damage of the liver and the kidney [7, 16.

Vijaya Padma et al. in 2011 conducted a study enptiotective effect of Gallic acid against toxicdflindane in
rats. They have found that the compound signiflgaiicreases the concentrations of superoxide disse
catalase, glutathione peroxidase and glutathiomensferase and reduces lactate dehydrogenass apared to
the group received lindane toxin. Histological tesinave also indicated decreased kidney and lieenages in
treated groups with Gallic acid [17]. It is alsabpable in this study that Gallic acid improves befkar tissue and
reduces damages caused by valproic acid.

Ribieri et al. in 1992 showed that in addition tgperoxide dismutase and catalase enzymes, glutetipieroxidase
is one of the most important factors that scavdnge radicals and convert hydrogen peroxide to mjdi&]. Most

of phenolic acids available in diet have antioxtdproperties [7]. Yeh et al. in 2009 showed in thstudy that
phenolic acids (e.g. Gallic acid) increase thevitgtof glutathione peroxidase and catalase irhestrt [19]. So they
can prevent from tissue damage. This agrees wathebults of the current study.

Li et al. in 2005 used Gallic acid in their studiestreat 9-month-old mice; not only the compoundréases the
expression of glutathione peroxidase and catalagealso the levels of malondialdehyde reduce elitain, the
kidney and the liver of the mice [20]. Mansouriaétin 2013 showed in their study that Gallic apiévents from
the brain damages caused by free radicals. Thegino¢ effects have a dose dependent manner. &t wtbrd, the

study found that higher dose of Gallic acid (200/kgy) shows more effective impacts for treatment [ifjis is

consistent with the results of the current studyese protective effects attributed in the stud@lodhrzad et al. in
2001 to absorption and rapid metabolism of Galtid & the brain [21].

Mansouri et al. in 2013 conducted a study on neawteptive effects of Gallic acid on oxidative sgesaused by 6-
hydroxy-dopamine in rats. They found that Galliddeat doses of 50, 100 and 200 mg/kg body weigtreiases the
passive avoidance memory. In addition, this compowaduces the concentration of malondialdehyde
hippocampus and skeletal bodies and increase®tioentration of glutathione peroxidase [7]. So,r#mults of this
study showed that Gallic acid prevents from enhanece in oxidative stress by reinforcement of aritant
defense system. The neuroprotective effects oicGadid have also demonstrated earlier using nexioeffects of
beta-amyloid and nitrate and oxidative stress ahbyestreptozotocin in the brain [22, 23]. Anotkardy has found
that Gallic acid neutralizes the neurotoxic effexdasised by 6-hydroxy dopamine in human SH-SY5Ysdeu]. In
addition neuroprotective effects of Gallic acidvarious neural models has identified that the caimplacan control
oxidative stress induced by carbon tetrachlorid# lamtlane in the liver and the kidney of rats [2B6]. Considering
the above, it can be concluded that due to antamtidind neuroprotective properties of Gallic aitidan prevent
damage to the cerebellum caused by valproic acid.

CONCLUSION
The results of the current study showed that irtriggneal injection of valproic acid with normalisa at 12.5' day
of pregnancy to female rats caused autism in isfamd reduced number of Purkinje and granular aedls
observed in VPA infants, so that the above disartiad prevented in the treated groups with Gatlid at doses of
100 and 200 mg/kg. This was probably through reducédative stress in rats with autism.
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