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Abstract 

 
This study explored the influence of the regular daily intake of 5 pieces of Ajwa dates fruit (Phoenix dactylifera) for four 

months on modifications of epigenetic factors related to autism. An interventional exploratory study was conducted on 31 

autism-diagnosed children aged 3-12 years. Methylation-specific PCR was used to determine the methylation density 

of Olfactory receptor family 2 subfamily L member 13 (OR2L13), Reelin (RELN), Proline-Rich Transmembrane Protein 1 

(PRRT1), and index of global methylation (Long interspersed nucleotide element-1, LINE-1). Quantitative real-time PCR was 

used to test the change in the expression of DNA methyltransferase 1 (DNMT1) and chromodomain helicase DNA-binding 

protein 8 (CHD8), the expression of plasma miR-146a and miR-146b. The study also investigated the clinical, microbial, and 

biochemical factors' responses to Phoenix dactylifera intake. In response to Ajwa dates fruit intake, a significant decrease in 

the expression of DNMT1, was shown in 64.5% of children (P=0.012). LINE-1, OR2L13, and PRRT1 showed significant 

changes in their methylation density. A significant decrease was observed in the pattern of RELN methylation status and the 

mean expression fold change of MiR-146a for 74.2% and 38.7% of children respectively. Phoenix dactylifera's regular intake 

plays a role in epigenetic modification among children with autism. 

 

Keywords: Ajwa dates fruit; Autism; epigenetics modulation; DNA methylation, Expression of DNMT1 and CHD8; Expression modulation 
of plasma miR-146a and miR-146b; Phoenix dactylifera 
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Introduction  

Autism spectrum disorder (ASD) is a terminology 

describing a wide range of abnormal behaviors and 

psychological difficulties in communication and 

social cooperation (1). Globally, ASD affects around 

1in 68 children (2). A recent Egyptian study found 

that the overall prevalence of children aged 1 to 12 

years who are at high risk of ASD is 3.3% [3].  

Neuropathological studies suggest that individuals 

with Autism spectrum disorder (ASD) have 

alterations in neuronal organization, and 

neurotransmitter pathways [4, 5]. The odds of having 

obesity children with ASD carried more odds for 

having obesity compared to their healthy developing 

peers [6].  Accordingly, it was postulated that 

genetic, nutritional, and environmental factors play 

their role in ASD aetiology, either directly or via 

epigenetic modifications by influencing fetal or early 

postnatal brain development. Meanwhile, genetic and 

environmental factors and their interaction can 

influence also epigenetic change [7, 8]. 

Environmental factors can affect epigenetic marks 

prenatally and throughout life, including smoking, 

stress, and nutrition [7, 8]. Many pieces of evidence 

have suggested the involvement of epigenetics in 

ASD pathogenesis. For example, genetic screening 

revealed that the genes that have epigenetic functions 

constitute a sizable proportion of ASD candidate 

genes [7]. Other evidence is that some ASD-

associated chromosomal abnormalities were 

identified in imprinted regions.  

Epigenetic mechanisms can regulate the pattern of 

gene expression without changing the primary DNA 

sequence.  Epigenetics has the ability to modulate 

and regulate the expression of genes through various 

epigenomic marks, such as DNA methylation and 

histone modifications which represent key 

mechanisms of epigenetics. These marks change the 

chromatin conformation by making it more compact 

and inhibit the ability of transcription factors to bind 

to the DNA, or opening it to allow transcription 

factor binding [7]. Non-coding RNA, particularly 

miRNA, is considered an epigenetic modulator due 

to its role in regulating target genes without changing 

the sequence. It was found that there is a miRNAs-

epigenetic feedback loop, where miRNAs can 

regulate genes coding for enzymes involved in 

epigenetic machinery such as DNA methyl 

transferases (DNMTs) [9], and miRNAs can be 

regulated by epigenetic mechanisms such as DNA 

methylation, and histone modifications [10]  

Methylation analysis of post-mortem brain samples 

of ASD individuals showed differentially methylated 

loci, these loci differ between various brain regions. 

These loci were hypomethylated at the promoter 

region, and hypermethylated at the gene body and 

intergenic sequence, however, identification of 

global methylation difference between brains of ASD 

and controls is limited [11]. 

Nutrition is recognized as one of the factors that have 

the ability to modify epigenetic marks. Ajwa dates 

fruit (Phoenix dactylifera) is known as a rich source 

of minerals and polyphenols [12, 13], and these 

compounds are verified to play a role in epigenetic 

changes. Minerals are proven to have an obvious 

epigenetic effect through epigenetically active 

enzymes that require minerals as cofactors [14]. 

Polyphenols can regulate gene expression in the 

hippocampus by epigenetic mechanisms and can be 

used in the management of many neurological 

diseases [15].    

Hussein and his colleagues reported in their recent 

experimental study that palm date fruit extract could 

be a potential candidate for reducing Valproic Acid 

(VPA)-induced autistic-like behavioral changes in 

rats. They proposed the potential underlying 

mechanisms might involve reduction of the brain 

inflammation, oxidative stress, apoptosis, and 

upregulation of the antioxidant genes Nrf2 and HO-

1, Sirt-1, and autophagy in the cerebellum and 

hippocampus [16].  

This study aimed to test the role of Ajwa palm date 

fruit intake in Epigenetics modification among 

children with autism who were subjected to 

continuous daily consumption of five dates fruit for 

four months. This aim was achieved through the 

following analyses: The methylation percentage of 

Olfactory receptor family 2 subfamily L member 13 

(OR2L13), Reelin (RELN), Proline-Rich 

Transmembrane Protein 1 (PRRT1), and index of 

global methylation (LINE-1), the expression profile 

of DNA methyltransferase 1 (DNMT1) and 

chromodomain helicase DNA-binding protein 8 

(CHD8). Expression of plasma miR-146a and miR-

146b was also tested. In addition, this study aimed to 

investigate the influence of the clinical, microbial, 

and biochemical characteristics on epigenetics 

modification’s‎ responses‎ to‎ Ajwa‎ palm‎ date‎ fruit‎

intake among participants. 

Subjects and Methods 

Study type:  Intervention clinical exploratory study 

(pilot study). 

Study Duration: The whole study has been 

conducted over one year between June 2021 and June 

2022. 

 

Study Setting:  
Participants who were enrolled in the study were 

among children with autism attending both the 

outpatient clinics of Children with Special Needs 

outpatient clinic and Clinical Genetics Department 

clinic, Medical Research Centre of Excellence, 

National Research Centre (NRC) of Dokki – Giza 

governorate, Egypt. 
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Target Group and Inclusion Criteria 

  

A cohort group of 31 children with autism on Ajwa 

dates fruit for four months was followed up. The 

clinical diagnosis of children with autism was based 

on the criteria for the autistic disorder as described in 

the Diagnostic and Statistical Manual of Mental 

Disorders, 5
th

 Edition, [17] and the Childhood Autism 

Rating Scale (CARS) [18]. Children with confirmed 

diagnosis of ASD were enrolled in the study 

according to inclusion and exclusion criteria. 

Specified paediatricians confirmed the enrolment 

criteria by complete history taking added to thorough 

clinical assessment. Inclusion criteria: 1) children 

aged three to twelve years of age at the beginning of 

the trial; 2) approved to be not allergic to dates fruit 

(confirmed by one piece of dates trial before start); 3) 

Accepts the daily intake of dates fruit for 4 months; 

4) Not joining any other study 5) No main changes in 

medical treatments in the preceding 2 months, and 

not planning for any major changes throughout the 

study. Exclusion criteria: 1) All subjects with major 

medical problems or comorbid syndromes; 2) 

Patients who consumed probiotics and/or dates fruit 

for at least four weeks before the current study and/or 

antibiotics or laxatives in the last six months before 

the study; (3) History of seizure disorder or gross 

neurological deficit; 4) comorbid diagnosis: Fragile 

X syndrome, tuberous sclerosis, phenylketonuria. 

The formerly mentioned conditions were excluded 

from the study after history taking and checking 

positive reports from the clinical genetic team from 

NRC. The clinical genetic team was authorized with 

any suspected genetic disease associated with any 

physical features. The study approach and its phases 

are summarized in Figures 1 and 2.  
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Sample size: Thirty-two children with autism was 

calculated to achieve an eighty-five % power to 

detect a change prior to and after the study based on 

the assumption that improvement is expected to be 

one and a half times or more with the intake of dates 

fruit. The test statistic used is the two-sided Z test 

with pooled variance. The error of the test was 

targeted at 0.05. The significance level truly attained 

by this design was 0.0587 [19-20]. 

 

 

Intervention  
The intervention included: Ajwa dates fruit intake. 

All participants were requested not to change their 

regular habitual diet for the duration of the study. 

Children enrolled received Ajwa palm date fruit 

daily for 16 weeks as five pieces of date fruit/ day 

(each about 10 -15 gm). Ajwa palm date fruit was 

taken with breakfast or between breakfast and lunch 

as a daily dose (without drinking any tea after it for 

at least one hour).  
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However, the current proposed trial is novel and 

designed to assess the impact of date fruit on autism. 

The determined extent for this trial is chosen to allow 

sufficient time for dates fruit to cause an effect while 

ensuring no gain in weight.  

The chosen number of pieces of dates for intake was 

based on two rationales: 1
st
: a previous study was 

done by Al Jaouni and his colleagues in 2019 and 

proved the effect of three pieces of Ajwa on 

improving outcomes among 26 children hospitalized 

with cancer  [21]. 2
nd

 : the recommendations by 

Prophet Mohammed (Peace Be upon Him) [22] he 

said‎ that‎ “dates‎ cure‎ several‎ disorders,‎ Saud‎ (R.A)‎

narrated‎ that‎ I‎ heard‎ Allah’s‎ Apostle‎ saying,‎ “If‎

Somebody takes five to seven Ajwa dates in the 

morning, neither magic nor poison will hurt him that 

day”‎ ‎ [23]. Prophet Mohamed recommended the 

intake of this dose irrespective to age. Accordingly, 

we went to the trial with five pieces of dates 

 

Ajwa Dates fruit:  

The Ajwa Dates fruit (Phoenix dactylifera) used 

during this clinical trial was Saudi Dates known as 

Al-Madinah Ajwa, these dates are organic Dates. 

Ajwa dates are famous for its very high nutritive and 

pharmacological values [12, 13]. 15 Ajwa date fruit 

(average 100 gm) were analysed before the study. 

The composition of 15 of the flesh Ajwa date fruit 

was carried out at the Safe Food Unit in the National 

Research Centre of Egypt. The authors did this 

analysis prior to the study to provide solid base of 

data and sufficient evidence to justify the testing of 

Dates’‎fruit‎in‎children‎with‎autism.‎The‎15‎samples‎

of Ajwa dates were free of pathogenic bacteria. The 

sample preparation and analysis were done according 

to the Association of Official Analytical Chemists 

(AOAC) [24] and to Nowatzk et al [25] to minimize 

sample-to-sample variations within and between 

laboratories. Analysis of the composition of the flesh 

of Ajwa dates fruit was done according to the 

following standard methods: Total fiber contents 

were determined according to Garcia et al [26], and 

Ash content was determined according to fennema 

[27]. Vitamin A was carried out according to 

Hiroyuki Moriyama et al [28]. Ascorbic acid 

(Vitamin C) was determined according to Evered 

[29]. Vitamin B1, B2, and B3 were determined 

according to Radaamidzic and his colleagues [30]. 

Minerals were measured according to Musa Özcan 

[31]. All analyses of the total amount of 

carbohydrate were determined using the phenol–

sulphuric acid method in duplicate [32] Sugar 

concentration was calculated based on peak area 

measurements [33]. Amino Acid Analysis was 

determined using a Beckman 6300 system [34]. The 

total flavonoid content of the date extracts was 

measured according to the colorimetric assay of Kim, 

Jeong, and Lee (2003) [35] and the total phenolics 

were determined as described by Al-Farsi et al [36]. 

 

Table 1 shows the chemical composition of date 

flesh per 100 grams of dry weight, according to the 

analysis done at the Safe Food Unit in the National 

Research Centre (NRC) of Egypt. The nutritive 

contents of the serving units (5 dates) and the 

required daily allowance/intake of these elements in 

children aged 3-12 years were shown in the table.  It 

shows that Ajwa date flesh is a high-energy food due 

to its rich sugar contents that reached 74.2% of dry 

weight. Glucose and fructose (the reducing sugars) 

are the major sugars, while sucrose (non-reducing 

sugar) represents a minor percentage in composition. 

Ajwa dates contained low concentrations of protein 

and lipid (2.92% and 1.2%, respectively). However, 

the amino acids analysis (Table 1) of Ajwa flesh 

showed a high percentage of essential and non-

essential amino acids. The major essential amino 

acids distinguished were lysine (72 mg/100 g), valine 

(65mg/100g), and leucine (58 mg/100 g), in addition 

to threonine, isoleucine, phenylalanine, and low 

concentrations of methionine, and histidine. Higher 

concentrations of aspartic acid, and glutamic acid are 

present, with the rest of the non-essential amino acids 

(Table 1). Amino acids play central roles as building 

blocks of proteins, synthesis of neurotransmitters, 

and as intermediates in metabolism [37]. 

 

Table 1 shows also that the Ajwa date contained 

significant amounts of minerals. The potassium 

concentration was the highest (476.5 mg/100 g), 

followed by calcium (187.4 mg/100 g), magnesium 

(150.5 mg/100 g), phosphorus (27.1 mg/100 g), and 

sodium (7.5 mg/100 g). There were low 

concentrations of iron, selenium, and zinc. Following 

other studies, we found that  Ajwa date fruit is the 

richest source of dietary minerals among all other 

date varieties [38, 39]. Vitamins, such as vitamin A, 

thiamine (Vit B1), niacin (Vit B3), pantothenic acid 

(Vit B5), vitamin B6, riboflavin (Vit B2), ascorbic 

acid (Vit C), and Folic acid were detected in our 

Ajwa dates samples in percentages similar to what 

has been reported in previous studies [40, 41]. These 

minerals and vitamins are essential for cell functions 

and biochemical reactions [13]. 

 

The major phenolic compounds and types in Ajwa 

were also analyzed at NRC (Table 1). These phenolic 

compounds are proven to be potent antioxidants with 

strong bioactivities against several bacterial 

pathogens [42, 43]. The phenolic compounds 

commonly detected in Ajwa date fruits have all been 

stated to provoke strong antioxidant activities with its 

potential to improve oxidative stress–related diseases 

and infectious diseases as previously reported [44]. 
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* The average daily dietary intake of Ajwa dates fruit was analyzed for calculating the nutrients intake adequacy and their percent out of the 

Daily Recommended Intake (DRI) [45, 46]. 

**Estimated amino acid requirements for daily intake nutrient (mg/kg per day) 
§ This amino acid is added according to previous research [38] 
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Study Visits, safety, and adverse events 

Participants underwent 5 visits. The first one (Visit 1) 

included an initial evaluation of the inclusion, 

exclusion criteria and parental signing of the 

informed consent process. A thorough medical 

history, current drug intake, any supplement, and 

meticulous demographic data were collected. 

Paediatrician forms were also delivered to the parents 

to confirm the inclusion/exclusion criteria. 

Throughout the first visit, baseline, dietary 

assessment & anthropometric measurements, Stool 

samples were collected. Additionally, Real-time PCR 

was‎ performed‎ to‎ evaluate‎ the‎ autistic‎ children’‎ gut‎

microbiota. The existence of probiotics in autistic 

children was studied to assess the alterations in their 

levels due to the trial. A blood sample was collected 

to determine the concentration of three serum 

markers: Malondialdehyde (MDA), glutathione 

peroxidase (GPX1), and superoxide dismutase 

(SOD). The following also was done: Methylation 

analysis for the LINE-1, promoter of OR2L13 and 

RELN, and 3 UTR of PRRT1, Quantitative real-time 

PCR for DNMT1 and CHD8 expression analysis, and 

Quantitative real-time PCR (Polymerase Chain 

Reaction) for miR-146a and miR-146b expression 

analysis for all children with autism who were 

enrolled in the study.   

 

2
nd

, 3
rd

, and 4
th

 visits (follow-up visits) were done 

after the first visit by one, two, and three months 

respectively.  The principal aim of these visits was to 

evaluate‎ patients’‎ compliance,‎ document‎ hazardous‎

or unexpected events, and to confirm continuous 

Dates’‎fruit‎intake. 

 

5
th

 visit was the last one that took place 16 weeks 

after the initial baseline visit. it was the evaluation 

visit.  similar tests were accomplished in similar 

sequence as stated earlier in the first visit. Stool and 

blood samples were obtained during the visit to 

assess‎ the‎ effect‎ of‎ consuming‎ the‎ Dates’‎ fruit‎ for‎

four months on the microbiota, oxidative stress 

markers, the expression of genes involved in 

epigenetic machinery (DNMT1 and CHD8), 

manipulation of methylation density of autism-related 

genes (Promoter of OR2L13 and RELN, and 3`UTR 

of PRRT1) and LIN-1 and the expression modulation 

of plasma miR-146a and miR-146b (Fig 1 and 2). 

 

Assessment and evaluation tools 
The assessment was done prior to the study 

intervention, whereas the evaluation was done four 

months after the intervention.  

Assessment of the baseline sociodemographic 

characteristics was done through detailed history 

taking. Neurological assessment was done through 

thorough clinical examination. 

 

Assessing symptoms of functional gastrointestinal 

behavior disorders (FGID) included: constipation, 

diarrhea, gaseousness, bloating, gastroesophageal 

reflux, abdominal pain, and vomiting [47].  

 

Thorough dietetic history and behaviour were 

performed using Diet Quality index assessment 

questionnaire [48] to assess the risk of malnutrition.  

 

The anthropometric measurements including body 

weight (kg) and height (cm), all were determined 

prior to the beginning of the study using a digital 

scale and a wall height measuring device while the 

child wearing minimal clothing with bare feet. Body 

mass index (BMI, kg/m
2
) was calculated as body 

weight (in Kg) divided by body height (in m
2
), then, 

all the anthropometric measures were converted to z-

scores specific age and gender of the child (standard 

deviation units, SDU) based on the World Health 

Organization (WHO) child growth standards [49]. 

BMI z-scores of autistic children were compared pre 

and post the trial to assess weight gain.  

 

Assessment of Adaptive Behaviour: In all phases of 

the study, the adaptive behavior was evaluated using 

the Adaptive Behaviour Assessment System, Third 

Edition (ABAS-3).  The ABAS-3 covers 3 broad 

domains using ten skill areas inside these domains. 

The skills focus on daily essential activities, meeting 

environmental demands, self-care, and interaction 

with others efficiently. The adaptive domains are 

Conceptual (CON), Social (SOC), and Practical (PR). 

The motor skills were restricted to children 5 years 

old and younger.  Collectively, the 3 domains scores 

form the General Adaptive Composite (GAC) and 

afford the overall estimation of adaptive behaviour. 

The average score of GAC or any of the three main 

domains ranged from 90 to 109 [50]. 

 Reliability of the ABAS-3 was studied from 

numerous perspectives, with the adaptive scaled 

scores, adaptive standard scores, and GAC scores 

performing well on indexes of internal consistency, 

standard error of measurement, test–retest reliability, 

interrater reliability, cross-form consistency, and 

alternative-forms reliability [51]. The scaled and 

composite scores had a correlation with scores from 

the ABAS-2 and Vineland adaptive behavior scale-II, 

which provides evidence of convergent validity. 

Additionally, ABAS-3 scores differentiate 

individuals with normal development from those with 

autism [52]. 

 

Biochemical Tests  
Blood and Faecal samples were collected before the 

start of the interventions and after (16 weeks) of 

completing the intervention for evaluating the stool 

microbiota and the serum antioxidant markers levels.  

In vitro, quantitative determination of three markers; 
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Malondialdehyde (MDA), glutathione peroxidase 

(GPX1), and superoxide dismutase (SOD) 

concentrations in serum was performed using 

Enzyme-linked Immune Sorbent Assay (ELISA) 

according to [53, 54, 55]. The quantity of the 

pathogenic bacteria was detected in the faecal 

samples of all enrolled children using the real-time 

PCR. The following pathogenic bacteria were 

assessed in stool:  Klebsiella, Proteus, Shigella, 

Enterobacter, and Salmonella. Recognition of 

beneficial microbiota (probiotics: Lactobacillus and 

Bifidobacteria strains) was performed using a DNA 

extraction Kit [56, 57]. 

 

Methylation analysis  

DNA was extracted using standard salting-out 

protocol from blood samples stored at -80 oC. The 

extracted DNA was exposed to bisulfite modification 

using the EpiTect Bisulfite kit (Qiagen) according to 

manual instructions. The Initial starter quantity of 

DNA was 1.3 µg and the final elution volume was 40 

µl. The converted DNA was used for methylation-

specific PCR (MSP), in which 2 different sets of 

primers (methylated and unmethylated) were used 

and amplified separately for each gene. Each set of 

MSP reactions was carried out in a 15 µl reaction 

using 7.5 µl of maxima SYBR green master mix 

(Thermo Scientific), 2 µl of treated DNA, and 150 

nM of every primer. The percentage of methylation 

was calculated using the CT method according to the 

following equation: The percentage of methylation 

was calculated using the CT method according to the 

following equation: the percentage of methylation 

percentage‎ =‎ 100/[1+2ΔCt(methylated-

unmethylated)] %" to be The percentage of 

methylation was calculated from the change of CT 

values according to the following equation: 

methylation percentage (%) = 

100/[1+2ΔCt(methylated-unmethylated)]‎ where‎ ΔCt‎

was‎ calculated‎ as‎ follow‎ ΔCt‎ =‎ (methylated‎ -

unmethylated) [58, 59]. Primers for LINE-1, 

promoter of OR2L13 and RELN, and 3 UTR of 

PRRT1 were designed by the free online methprimer 

program (http://www.urogene.org/methprimer) using 

CpG island prediction for primer selection. (sequence 

of used primers is shown in Table 2). A duplicate 

calibrator sample was used in all runs to allow for a 

comparison of the results across all runs. 

 

 

 

Quantitative real-time PCR for DNMT1 and 

CHD8 expression analysis 

Total RNA (including miRNA) was extracted from 

plasma using Direct-zol™‎ RNA‎ MiniPrep‎ (Zymo 

Research) per the manufacturer's instructions. The 

extracted RNA was reverse transcribed into single-

stranded complementary DNA (cDNA) using 

RevertAid First Strand cDNA Synthesis Kit (Thermo 

Fisher Scientific). For mRNA expression analysis, 

mixtures were prepared using the maxima SYBR 

green qPCR master mix (Thermo Fisher Scientific) 

according to manufacturer recommendations. 
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GAPDH was used as an internal reference gene to 

normalize gene expression. Primer sequences of 

DNMT1 and CHD (listed in Table 2) were designed 

with Primer3 software (http://bioinfo.ut.ee/primer3-

0.4.0/primer3/). Results were expressed as a ratio of 

reference to target gene using the 2
-∆Ct

 method. 

 

Quantitative real-time PCR for miR-146a and 

miR-146b expression analysis 

Reverse transcription into cDNA was carried out 

using miScript II RT Kit (Qiagen). For miRNA 

expression analysis, mixtures were prepared by 

miScript SYBR Green PCR master mix according to 

the manufacturer using included universal (reverse) 

primer, while forward primers of miR-146a and miR-

146b were designed by the online miRNA primer 

design tool 

(http://genomics.dote.hu:8080/mirnadesigntool/). 

Expression was normalized to RNU6B. Results were 

expressed as a ratio of reference to target gene using 

the 2-∆CT‎method. Primers were listed in Table 2 

 

Statistical Analysis: 

After data entry of all completed questionnaires, 

Statistical analysis was completed using the 

Statistical Package of Social Software program 

(SPSS), version 20. Descriptive statistics were used 

for quantitative data, as mean and standard deviation 

for normally distributed data while median and IQR 

(interquartile range, 1st quartile-3rd quartile) for 

abnormally distributed data. Though, numbers and 

percentages were used to describe qualitative values. 

Pre and post the intervention, related indices were 

compared for the studied group. Tests of significance 

were‎used‎such‎as:‎Pearson’s‎Chi-square‎test‎(χ2)‎and‎

Z test (for qualitative data), paired t-test and 

Wilcoxon Signed Ranks Test (for continuous data 

between the before and after intervention), while t-

test and Mann-Whitney test (for continuous data 

between means and medians of 2 groups 

individually). P-value < 0.05 was considered 

statistically significant, while P-value < 0.01 was 

considered highly statistically significant. 

 

Results 

Sociodemographic, clinical and laboratory 

characteristics of the included children with autism 

aged 3 – 12 years. Table 3 shows the characteristics 

of the enrolled children with autism. A total of 31 

children completed the four-month intake of Ajwa 

palm date fruit. More than half of children aged six 

years and above (58.1 %).  The boys were 

significantly higher than girls (77.4 % versus 22.6 % 

respectively). The mean age of mothers at birth was 

28.3 ± 4.7 while fathers were 32.4 ± 4.9. Regarding 

education levels, 54.8 % of fathers and mothers had 

completed their university degrees. Most of the 

fathers were engaged in non-risky administrative 

employment (83.9%).  
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The following clinical and laboratory characteristics 

of the studied subjects were evaluated before and 

after the intake of dates fruit and presented in Table 

4. Clinical characteristics included: Autism severity 

symptoms as assessed by CARS level and DSM-V 

levels, adaptive behavior symptoms, the risk of 

malnutrition, the growth indices of the 

anthropometric characteristics including Weight/age 

z-score, Weight/height z-score, BMI/age z-score, 

GIT risk index and the existence of pathogenic 

organisms‎in‎enrolled‎children’‎stools.‎‎ 

In response to Ajwa palm date fruit intake for 4 

months, a significant reduction has been detected 

concerning the mean level of CARS level (36.1 ± 

3.2 before versus 33.4 ± 3.2 after the intervention).  

Concerning the severity scale of DSM-V, a highly 

significant decrease in the number of those who 

suffer from severe autism (35.5 % before versus 

12.9 % after the intervention).  

When assessing the pathogenic bacteria which 

present in the stool of children with autism, there 

was also a significant reduction in the presence of 

the pathogenic organism due to intake of dates fruit 

for four months. 

The faecal samples from enrolled children were 

tested‎ to‎ compare‎ beneficial‎ bacteria’s‎ level;‎

Bifidobacteria and Lactobacillus species prior to and 

after the intervention and presented in table 4. The 

stool PCR of children with autism showed 

significantly increased levels of the mean colony 

counts of Lactobacilli due to the intervention.  

A significant decrease in the proportion of oxidant 

to antioxidant serum blood levels has been observed 

in response to Ajwa palm date fruit intake for four 

months. The improvement was assessed by 

measuring both the median‎ balances’‎ ratios‎ of‎

MDA/SOD (41.7 before versus 23.7 after the 

intervention) and MDA/GPX (136.4 before versus 

56.7 after the intervention). 

 

Ajwa palm date fruit intake affects the expression 

of genes involved in the epigenetic machinery 

Table 5 shows the expression of DNMT1 and CHD8 

in plasma samples of studied children with autism 

before and after the regimen. As a result of the 

interventions, 30 subjects exhibited a significant 

change in the expression of DNMT1, a significant 

increase was shown in 10 cases (P=0.019) and a 

significant decrease was observed in 20 cases 

(P=0.012). Regarding CHD8, a slight increase was 

displayed in 9 cases (P=0.082) and a borderline 
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significant decrease was shown in 12 cases 

(P=0.052). 

Manipulation of methylation density of autism-

related genes and LINE-1 in response to Ajwa palm 

date fruit intake 

Table 6 shows the mean methylation percentage of 

LINE-1, Promoter of OR2L13 and RELN, and 3`UTR 

of PRRT1 for studied subjects before and after the 

regimen. LINE-1, OR2L13, and PRRT1 showed 

significant changes in their methylation density for 

both increase and decrease patterns. While the 

increase of RELN methylation status was displayed 

only in 8 cases and was not significant; in contrast to 

the decrease pattern which was observed in 23 

subjects and was highly significant to the level that 

made the significance extend to include the total 

number of patients.  

Expression modulation of plasma miR-146a and 

miR-146b in response to Ajwa palm date fruit intake 

The expression of miR-146a and miR-146b in the 

plasma of the candidate children with autism was 

analyzed before and after the regimen. A significant 

decrease was observed in the mean of expression 

fold change of miR-146a for 12 children in response 

to Ajwa palm date fruit intake (P=0.04). No 

significant change was found in the expression of 

miR-146b at both the increase and decrease patterns 

(table 7). 
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Table 8 shows the association between the 

improvement of some clinical and lab parameters and 

the change in the methylation pattern of some genes 

involved in epigenetic regulation as a result of Ajwa 

palm date fruit intake. The likelihood of having a 

decrease of the promotor of OR2L13 was significant 

with the improvement of lactobacillus sup. The 

likelihood of having a decrease of PRRT1 was 

significant with the improvement of GIT symptoms. 

Meanwhile, the likelihood of having an increase in 

RELN was significant with the improvement of the 

presence of microorganisms. 
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Discussion 

Considering that the bioactive contents of the food 

may provide protective epigenetic changes 

throughout life [8], we hypothesized a potential 

impact of Ajwa palm date fruit intake for four months 

on modulating epigenetic factors that were reported 

to be altered in autism.  

Previous studies proved the effect of Ajwa dates fruit 

on different gene expressions resulting in the 

treatment and improvement of different diseases like 

hepatocellular carcinoma [60, 61]  and breast cancer 

[62]. The consumption of Ajwa dates fruit is 

considered a safe and risk-free method of 

intervention [60-63].  Its intake was proved to be 

associated with the upregulation of dendritic cells in 

the upper gastrointestinal tract, proliferation and 

differentiation of systemic CD8+ T cells lymphocytes 

leading to improvement of the immune system [63] 

and acting as immunomodulatory [64] without 

causing any damage to the normal cell.   

In the current study, we evaluated the effect of Ajwa 

palm date fruit intake for four months on the 

expression of two genes involved in epigenetic 

machinery, the first is CHD8 which encodes an ATP-

dependent chromatin remodeler. CHD8 is not only 

reported to be altered in ASD but also reported to 

regulate other ASD risk genes in human 

neurodevelopment and its loss contributes to ASD 

phenotype, suggesting that ASD risk genes are co-

regulated and work as an ASD-associated regulatory 

network [65]. A previous study reported CHD8 as 

one of the genes that exhibited down-regulation in 

ASD leukocytes compared to control subjects [66]. 

Therefore, we suggested that the up-regulation of 

CHD8 will be associated with favourable outcomes 

for children with autism. We analyzed the expression 

level of CHD8 in 31 patients before and after 

receiving Ajwa palm date fruits for four months to 

test the change in the CHD8 expression level and if 

this change is associated with improving the ASD 

phenotype. However, the change in the expression 

was not significant.   

The other gene we tested in our study is DNMT1 

which codes for one of the enzymes involved in DNA 

methylation and its primary role is in the maintenance 

of DNA methylation. We found a significant increase 

in 10 cases and a significant decrease in 20 cases, 

which supports our suggestion regarding the ability 

of nutrition to affect the expression of genes that are

 documented to be altered in children with autism. 

DNMT1 was previously reported to be decreased in 

the frontal cortex of the brains of ASD subjects [67], 

while another study documented its increase in the 

cerebellum of children with autism compared to 

neurotypical controls [68]. The differential 

expression of DNMT1 between different tissues may 

explain the variation in its expression after receiving 

Ajwa dates fruit in our study. The variation in 

expression could also be attributed to a change in one 

or more of its regulatory factors, such as transcription 

factors or miRNAs that could be affected by one or 

more components of the Ajwa palm date fruit. 

Next, we measured the change in the level of 

methylation in LINE-1, the promoter of OR2L13 and 

RELN, and the 3′UTR of PRRT1. LINE-1 repetitive 

element is considered an index of global DNA 

methylation which is associated with genomic 

stability. Alteration of LINE-1 was found in many 

diseases, including neurodevelopmental disorders 

[69]. a decreased level of LINE-1 methylation was 

found in cell lines derived from patients with severe 

language impairment displayed [70] and the blood of 

children with autism [44]. Also, decreased 

methylation of PRRT1 3′UTR was found in the 

temporal cortex and cerebellum of children with 

autism [71]. In our study, LINE-1 and 3′UTR of 

PRRT1 showed significant change in their 

methylation density for both increase and decrease 

patterns after receiving Ajwa palm date fruit for four 

months on a daily basis (5 dates fruit/day), this 

variation in response could be explained by the 

involvement of other DNMTs which could be 

affected‎by‎the‎component‎of‎Ajwa‎palm‎date’‎fruits.‎

This response in the variation of methylation status 

was also shown in the OR2L13 promoter. This could 

be explained by the initial variation of methylation 

density of OR2L13 promoter among cases before 

receiving the regimen; this suggestion is based on 

previous reports which mentioned that the promoter 

of OR2L13 showed increased and decreased 

methylation levels in different studies [72]. 

Regarding RELN, an increased methylation level of 

RELN promoter was previously reported in the 

cerebellum [73], therefore, one of the aims of our 

study was the ability of our nutritional regimen to 

reduce the promoter methylation of RELN; we found 

a significant decrease of RELN methylation pattern in 

23 subjects.  

Considering that miRNAs are identified as one of the 

epigenetic factors, we analyzed the expression of two 

circulating miRNAs, miR-146a and miR-164b. miR-

146a was found to impair ASD synaptic transmission 

and inhibit neuronal migration by targeting MAP1B, 

GRIA3, and KCNK2 [74]. miR-146a and miR-164b 

were previously documented to be up-regulated in 

children with autism [75]. Therefore, we suggested 

that subjects who showed downregulation of miR-

146a and miR-146b after the regimen would display 

improvement in ASD symptoms. In contrast to miR-

146b which‎ didn’t‎ show‎ significant‎ change‎ in‎

children with autism, a significant decrease of miR-

146a was observed in 12 patients in response to the 

intake of Ajwa palm date fruit. The effect of Ajwa 

palm date fruit on miRNA expression could be due to 

its effect on the expression of transcription factors or 
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any component of epigenetic machinery that 

regulates miRNA expression. 

It has been reported that autism is a complicated 

condition resulting from defects of several genetic 

pathways rather than resulting from dysfunction of 

particular genes [76]. It is a threshold disease model 

in which ASD phenotypes become apparent only 

after a certain burden of genetic risk alleles has been 

reached; the burden could apply within certain 

pathways. In addition, the role of environment, 

immunity, and nutrition and their interactions through 

genetic‎pathways‎can’t‎be‎rolled‎out‎[76]. 

In response to Ajwa date fruit regular intake, we have 

studied the relation between the improvement of the 

observed clinical and laboratory data with the studied 

epigenetics parameters that showed only significant 

changes.  It was found that the likelihood of having a 

decrease in PRRT1 was significant with the 

improvement of GIT symptoms. Accordingly, we can 

recommend the intake of date fruits among practice 

guidelines for hemodialysis in Egypt for cases with 

renal affection [77, 78].  

Previous studies showed that PRRT1, lower 

methylation‎(−9%)‎in‎a‎DMR 3′ UTR in the temporal 

cortex and cerebellum [79] was repeated by lower 

methylation‎ (−7.8%)‎ in‎ the‎ same‎ region‎ in‎ the‎

prefrontal cortex using the same platform [80]. This 

may be because we have inbuilt genetic redundancy 

and homeostatic mechanisms that could buffer or 

compensate for the loss of a specific gene within a 

pathway [81]. Nevertheless, such homeostatic 

mechanisms may not always fully compensate, 

leading to refined and maybe tissue-specific 

maladaptive phenotypic modification [82]. 

We found that the likelihood of having an increase of 

RELN was significant with the improvement of the 

presence of microorganisms. Previous studies found 

Lower levels of RELN mRNA in the frontal cortex 

and cerebellum in individuals with ASD [82]. Also, 

lower levels of RELN protein have been found in the 

brain and plasma of those with ASD [76]. Thus it is 

concluded that increased RELN is accompanied by 

some sort of improvement in children with autism 

according to internal homeostatic mechanisms and 

subtle tissue adaptation mechanisms [82]. 

 

Limitations of the study  

This exploratory study has some limitations: It 

included a small number of participants with a wide 

age range (3- 12 years), so it could be considered a 

pilot study. This study is an interventional study with 

a single arm only without a comparative group; this 

restricts the inference of the benefits obtained with 

the use of Ajwa palm date fruit without knowing 

what it would have been in the absence of these dates 

fruit or the presence of other dates fruit. This trial 

was limited to the Ajwa palm date fruit that was 

imported from Saudi Arabia. It did not investigate the 

impact of other types of date fruit (including 

Egyptian types), a condition that might constrain the 

generalizability of the trial results. Due to the long 

intervention time, which is four months, some 

children were discounted from the study either 

because of the shift of the parents of the children to 

antioxidants or antibiotics or the incompliance 

because of the food selectivity of children with 

autism.‎Also,‎ the‎authors‎relayed‎on‎parents’‎ reports‎

for the intake of their children of Ajwa dates fruits.  

 

Strengths of the study  

We believe that this pilot study accomplished our 

study objectives in a challenging way.  One of the 

strengths of this exploratory study is that to our 

knowledge, it was the first to explore the epigenetic 

modifications of children with autism in response to 

Ajwa palm date fruit being a non-pharmacological 

and risk-free option for alleviation of autistic 

symptoms. The data provided preliminary results that 

may be considered as the base for a more extensive 

study population. 

 

Conclusions  

In response to Ajwa palm date fruit intake among 

ASD, the following was observed: A Significant 

decrease in the expression of DNMT1 was shown in 

two-thirds of cases versus a significant increase in 

only one-third of cases. LINE-1, OR2L13, and 

PRRT1 showed significant changes in their 

methylation density for both increase and decrease 

patterns. While the decreased pattern of RELN 

methylation status was significantly observed in all 

subjects. A significant decrease was observed in the 

mean of expression fold change of MiR-146a for 

almost half of the cases.  

 

Recommendation 

It is recommended to increase awareness about Palm 

date’s‎ value‎ in‎ general‎ because‎ of‎ its‎ content‎ of‎

minerals and polyphenols, which help in the 

improvement of many diseases like anemia [81], 

through community-based approaches that proved to 

be effective in raising awareness in Egypt, especially 

for women and their young children [83, 84]. 

Targeting mothers and their children early in life by 

improving their nutritional habits is very important 

for improving their cognitive function 85, 86]. Also, 

provision of the fortified diet with Ajwa at school age 

proved to be effective in improving their cognitive 

abilities[87- 89]. 

Therefore, future research of a large number of cases 

to elucidate the effect of Ajwa palm date fruit on the 

epigenetics of ASD holds promise for the therapeutic 

options that are based on epigenetic modifications, 

with potential effects on specific genes. 
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6-GSI     The Gastrointestinal Severity Index 

AOAC                  Association of Official Analytical   

Chemists 

ABAS-3    Adaptive Behaviour Assessment System, 

Third Edition 

ASD          Autism Spectrum Disorder 

BMI           Body mass index  

CARS       The Childhood Autism Rating Scale 

cDNA        complementary DNA  

CHD8  Chromodomain helicase DNA-binding 

protein 8  

CON          Conceptual  

DNMT1     DNA methyltransferase 1  

DNMTs     DNA methyl transferases  

DSM-V Diagnostic and Statistical 

Manual of Mental Disorders (5th edition)  

ELISA Enzyme-linked Immune 

Sorbent Assay  

FGID Functional gastrointestinal 

behavior disorders  

GAC General Adaptive Composite  

GIT gastrointestinal tract  

GPX1 Glutathione peroxidase  

  IQR Interquartile range 

LINE-1 Long interspersed nucleotide 

element-1 

MDA  Malondialdehyde   

MSP  Methylation-specific PCR  

NRC National Research Centre of 

Egypt 

OR2L13 Olfactory receptor family 2 

subfamily L member 13   

PR  Practical  

PRRT1 Proline Rich Transmembrane 

Protein 1  

RELN Reelin 

SDU Standard deviation units 

SOC Social  

SOD superoxide dismutase  

SPSS Statistical Package for the 

Social Sciences 

TDF total dietary fibers 

VPA  Valproic Acid  

WHO  World Health Organization 
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