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Abstract: Numerous neurological diseases are exacerbated by oxidative stress, including fragile x syndrome
(FXS), which occurred as a result of a mutation in the fragile x mental retardation 1 gene (FMR 1-gene). Several
studies have found that redox equilibrium is disrupted in the brains of knockout mice with fragile x syndrome,
suggesting that antioxidant levels in plasma may reflect the oxidative stress profile in FXS. The goal of this
study aimed to evaluate antioxidants biomarker levels in FXS patients indicating that antioxidants can be used
as indicators in FXS patients. This study included a total of 60 subjects (30 suspected FXS patients: 15 males
and 15 females, while the remaining 30 were healthy subjects). Full blood genomic DNA was used, followed
by gel electrophoresis and CGG repeat calculation. Antioxidant biomarkers (total glutathione, glutathione
peroxidase, and superoxide dismutase) were measured in the plasma of patients and controls groups. The study
revealed that the average levels of antioxidant biomarkers in FXS patients were significantly lower than in
controls. FXS and oxidative stress are linked, implying that oxidative stress plays a role in the pathogenic
process. Antioxidants may be helpful in the therapy of FXS.
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1. INTRODUCTION

One of the most typical reasons of
neuroimpairment diseases is Fragile x Syndrome
(FXS, OMIM 300624). It is an X-linked disease that
affects one in every 4000 males and one in every
8000 females ®. Patients with Fragile x suffer a
variety of hazards, ranging from intellectual
disability to the development of behavioral issues
such as autism, anxiety, and hyperactivity 2. The
increase of polymorphic CGG repeats element in the
5" untranslated regions of the Fragile x Mental
Retardation-1 gene (FMR 1 gene) is the principal
common reason of fragile x syndrome. Over 98
percent of the reported instances are included in the
expansion 3. The protein synthesis of the FMR1 gene,
also known as fragile x mental retardation protein
(FMRP), is shut off as a result of this abnormal
expansion, which causes incorrect methylation of the
surrounding 5' upstream CPG island “.

Because of the effect on FMR1 gene translation,
CGG-repeat expansion causes a group of diseases.
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The non-coding CGG-repeat element has been
enlarged to a number of different genetic allelic
forms. The permuted allele varied from (55 to 200
CGG repeats), the full mutated allele is  over than
200 CGG repeats, and the normal allele contains
fewer than 45 CGG repeats. Gray zone alleles have
CGG repetitions of 45-54, are considered unstable,
and can be passed down to the following generation®
" Patients with full mutation have been linked to
mild to severe mental deficiency with 1Qs ranging
from 20 to 70 &,

The main pathologic consequence of this
condition is the loss of protein expression or
translated product, as the brain is a high-energy-
consuming organ compared to other organs ° 1°,
Imbalances in redox homeostasis have been seen in
the brains of knockout mice with fragile x syndrome;
this imbalance causes common symptoms in this
disorder, impacting their progression and severity.
This emphasizes the need of measuring antioxidant
biomarker activity or concentrations 2.
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When the balance between the creation of
reactive oxygen species (ROS), also known as
oxidants, and their eradication by antioxidants in
biological cells is disrupted, lipids, proteins, and
nucleic acids are damaged, finally leading to cell
death. ROS is produced by cells of organisms that are
alive as a result of  regular cellular metabolisms
and external variables in low to adequate quantities;
but, at high doses of oxidants, ROS causes significant
changes to cell components 213,

The ability of cells to proliferate and carry out
their fundamental biofunctions is dependent on
equilibrium in the oxidative stress state. Endogenous
variables (i.e., NADH oxidase activities, and
mitochondrial  metabolisms), and Exogenous
influences (i.e., chemicals or UV radiations) **. The
mitochondrial metabolism and NADH oxidase
activity can be used to determine ROS, as well 5. In
aerobic cells, the major endogenous sources of ROS
generation and elimination are tightly regulated'®.
The antioxidant removal systems consist of
enzymatic and non-enzymatic antioxidants. They are
usually successful in preventing ROS's harmful
effects in living cells Y. This is because aerobic
organisms utilize byproducts of oxygen molecules
like (superoxide anions, hydroxyl radicals, hydrogen
peroxides) for transduction, and O, molecules in
redox processes required for energy demands. The
antioxidant mechanisms, on the other hand, can be
overloaded under pathological conditions 21418,

Almost every aerobic cell and extracellular
fluid contains enzymes; which serves as a guard
against the cell damage like superoxide dismutase
(SOD) %, catalase ?°, glutathione peroxidases (GPXs)
21 as well as, endogenous defenses include
antioxidant systems compounds that are active as
scavenge molecules like as glutathione (GSH),
vitamin E, vitamin C, uric acid” . The activity and
expression changes in the antioxidant enzymes in the
brain tissues and in Alzheimer's disease, Down
syndrome, neurology problems, autism, and repeated
expansion of DNA have been documented in
numerous studies, notably in the case of superoxide
dismutase (SOD). As a result, oxidative stress could
be a key pathogenic characteristic in FXS. So
enzymatic biomarker of oxidative stress in FXS
patients are being assessed in this study 3.

Glutathione is the tri-peptide consisting of (y-L-
Glutamyl-L Cysteinyl Glycine) that is located in all
living cells of mammalian tissues and s
predominantly abundant in hepatic tissues ?*. The
commonest prevalent nonprotein thiol that protects
verses oxidative stress is GSH 8. Glutathione serves
as a cellular protector in the brain tissues by trapping
highly reactive oxygen species radicals (ROS) and is

thus implicated in a variety of cellular survival
mechanisms in responses to oxidative stress 2.,

Glutathione peroxidase is a group of
isoenzymes that use GSH as an electron donor to
catalyze the reduction of H.O; and lipid peroxides 2*
%, Both the cytosol and the mitochondria of cells
contain GPX. There are five distinct selenium-
dependent isoforms in mammals (GPXs 1 to 4 and
6), and three selenium-independent glutathione
peroxidase isoforms (GPXs 5, 7, and 8) ?°. Each
isoform and its cell location affect the potential of
GPXs to serve as antioxidants. It's worth noting that
GPX1 is one of the most essential antioxidants
enzymes in the brain cells, and that it's predominantly
expressed in microglia rather than neurons?” 28,

Superoxide dismutase is an enzyme that
supports conversion of highly reactive O, species to
less reactive H,O; and oxygen molecules. SOD exists
in three different isoforms: SOD1 and SOD2 are
engaged in the cytosol and mitochondrial elimination
of 02, respectively, and extracellular SOD is
involved in the elimination of 02 (SOD3) 1% 24,

The goal of this study was to assess the activity
of (total glutathione, glutathione peroxidase, and
superoxide dismutase) as an oxidative stress
biomarker in FXS, and to underscore the importance
of tracking permuted females’ oxidative stress levels
in order to forecast the oxidative stress profile that
will help the following generation develop.

2. SUBJETS AND METHODS
2.1. Subjects
2.1.1. Subjects group analysis

An average of 300 patients attends Research on
children with special needs clinic at National
Research Centre annually suffering from learning
disability to mental subnormality. From 2015 to 2021
approximately we received 1000 male children.
Hagerman checklist was run to all attending patients.
Those scoring 1Q (20-70) and suffering
developmental disability with physical features or
behavioral problems suggestive of FXS were
selected for FXS molecular testing. Intelligent
quotation (1Q) was tested using Illinois test, and
Stanford Binnet test; were done for all suspected
males, PCR was performed depending on
Hagerman’s checklist. All 15 male patients that
revealed a full mutation FMR1 gene were enrolled in
this study. Their ages ranged from 7 to 20 years
old. In addition, the fifteen mothers of the enrolled
male subjects agreed to  participate in this study.
Their ages ranged from 27 to 43 years old. Control
groups included 30 healthy normal subjects not
suffering from any related mental diseases or
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subnormality (11 males and 19 females) with
matched ages to the suspected males and their
mothers. Written consents were obtained from all
participants. The present study was agreed by ethics
committees of both National Research centre and
Faculty of pharmacy (Girls) - Al-Azhar University
Egypt (Approval number 93/2016).

2.2. Methods

2.2.1. Collection of samples

A blood sample of 3 ml was obtained from each
subject in participant groups, collected on EDTA
tubes. After that, each sample was divided into 500ul
for genomic DNA extraction, the rest was
centrifuged, plasma was separated, and stored at -20
Ce for antioxidant biomarker analysis.

2.2.2 Genomic DNA extraction &CGG repeats

calculation

Axygen®DNA extraction kit, manufactured by
(Axygen Bioscience cat No: 33210 USA), has been
used to extract genomic DNA from peripheral blood
samples as per the manufacturer’s protocol. CGG
reproduces regional elements of the FMR1 gene
using special primers PCR (Saluto et al), utilizing
primers (forward 5'-
agcccccccacttccaccaccaccaccaccaccaccacctcca-3")
and (reverse 5'-gctcagctcgetcgettcggteeggt-3") with
minor modifications 2°. To calculate the CGG
repeats, 5 ul from each PCR product were
electrophoresed at 6 VV/cm for 45 minutes on a 2.0%
agarose gel in 1X TBE containing ethidium bromide
using documentation system (Syngene GeneGenius
Bio Imaging System, Cambridge, UK). Unknown
PCR bands have been estimated based on software
from Gene Tool (Syngene, Cyprus).

2.3. Oxidative stress assessment

2.3.1. Glutathione peroxidase assay

The activity of glutathione peroxidase in the
plasma of participants with (full and Pre mutations)
as determined by the FXS molecular assay, as well
as control subjects, was assessed. Glutathione
peroxidase activity was evaluated using a glutathione
peroxidase Assay Kit (No. 703102 MI « USA)
according to the manufacturer's procedure.

2.3.2. Total glutathione assay

Total levels of glutathione were  measured by
the use of the manufacturer's procedure for the
OxiSelectTM total glutathione (GSSG) test kit
Caiman Item (No. STA-312 + USA) in plasma in
the individual patients (with full mutation and
premutation).

2.3.3. Superoxide dismutase assay

Superoxide Dismutase activity was measured in
the plasma of subjects with full and Pre mutations as
indicated by the FXS molecular assay. The activity
of superoxide dismutase was determined using the

Superoxide Dismutase Activity Abnova test kit (No.
KAO0783, ab 65354).

2.4. Statistical analysis

Statistical analysis was conducted using social
science statistical tools, version 20.0. (SPSS Inc.,
Chicago, Illinois, USA). The contributed quantitative
data have been represented as a mean + standard
error. An independent T test was utilized in
comparing control and patient group for the normally
distributed data. The non-parametric Mann Whitney
test has been used to compare non-distributed data.
In order to convey Qualitative data frequency and
percentage were utilized. Statistically significant was
the P< 0.05, and considered highly significant at
P<0.01. Using the Spearman correlation, the
correlation between different biochemical markers
was evaluated.

3. RESULTS

3.1. Subject Group Analysis

There were 60 individuals included in this
study. They were separated into two sets, FXS and
controls, each of which was composed of 30
participants. The Hagerman checklist, Stanford
Binnet Test, and the Illinois Test clinically assessed
the FXS patients. Then a molecular analysis was
carried out. Fifteen male patients who did not
amplify their samples from 1000 suspicious samples;
while other samples were in normal range. The ages
were from 7-20 years old for probable male cases.
Fifteen additional samples from Mothers of probable
FXS males requested to participate in this study, their
ages ranged from 27 to 43 years old. A sample of the
PCR normal, premutation and full mutation gel
electrophoresis was displayed in the figure (1).

3.2. Assay of antioxidant markers

Demographic and biochemical statistical
analytical data of the studied groups were illustrated
in table (1), with values expressed as number (%) or
mean + SE. Total glutathione, glutathione
peroxidase, and SOD in the FXS patient group were
significantly lower than in the control group at
p<0,001 as shown in table (1) and figure (2).

3.3.  Gender
biomarkers
All male patients were molecularly diagnosed
as full mutation, while all mother females were
molecularly diagnosed as premutation. The
meantSE plasma levels of total glutathione,
glutathione peroxidase and superoxide dismutase
were significantly lower in male and female patients
than in their comparative control at P< 0.00 for males
and females. However we noticed that there was a
significant difference in the mean+SE plasma levels
of total glutathione, glutathione peroxidase in the
female patients group compared with the male in the
same patients groups, while there was no any

comparison of antioxidants
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significant difference in the mean plasma levels of male in control group for the three antioxidant
the (SOD) between the two different groups. There parameters, as shown in table (2).
was no significant difference between female to the

Figure 1. Agarose gel electrophoresis of amplifies DNA samples from different patients.

Lanes 4 & 9 represent DNA molecular weight markers (50-1000 bp). Lanes 1,2,3,6 & 7 represent PCR products of normal
unaffected males of (37,34,33,30,31) CGG repeats respectively. Lane 5 represents PCR products of carrier heterozygote
pre-mutated female of (93, 125) CGG repeats. Lane 8 shows no amplification of PCR of male patient suspected with fragile
X syndrome.

Tablel. Demographic and biochemical data of patients and controls.

Characteristic control n=30 patients n=30
Demographics

Sex, n (male %) 11 (36%) 15 (50%)

Age(Y)), mean+SE 25.83+2.091 23.2642.62
Biochemical parameters

Total glutathione (umol/g Hb), mean+SE 6.787+0.4134 3.296+0.303**
Glutathione peroxidase (U/g Hb), mean+SE 41.623+2.388 23.743+1.311**
Superoxide dismutase (Pg/ml), mean+SE 2355.467+176.884 1488.533+142.553**

SOD: Superoxide dismutase.
**Statistically significant difference  from control group at P <0.05.
** Statistically highly significant differnce  from control group at P < 0.01.

3.4. Correlation between antioxidant biomarkers significant correlation with SOD (r= 0.259, p=0.05).
However plasma glutathione peroxidase level revealed a
significant positive correlation with SOD (r=0.311, p<
0.05) table (3).

In patients, plasma level of total glutathione showed
a significant positive correlation with glutathione
peroxidase (r=0.614, p<0.000), while it showed no
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Figure 2. Distribution of relative total glutathione (tGSH), glutathione peroxidase, and SOD in patient and control groups:
Mean + SE of total glutathione (A), glutathione peroxidase (B) and superoxide dismutase (C) in the controls and patients’

groups.

Table 2. Comparison between males and females in controls and patients’ groups with antioxidant biomarkers.

https://aijpms.journals.ekb.eg/

Biochemical Control Patient P Value
Parameters
Mean + SE Mean + SE
Males (n=11) Females (n=19)  Males (n=15) Females (n=15)
Total Glutathione (umol/g Hb) 7.285 +0.835 6.499 +0.445 2.879 +0.465**  3.7126 +0.373** Male: 0.000
Female: 0.000
Glutathione peroxidase (U/g Hb) 44.509 £3.051 39.953 +3.331 20.54 £1.198**  26.946 +2.053**  Male: 0.000
Female: 0.004
SOD(Pg/ml) 2232.909 £272.732  2426.421 1567.2 1409.867 Male: 0.092
+234.317 +255.191** +134.838** Female: 0.001
** Statistically highly significant difference from control male or control females at P < 0.01.
Table 3. Correlation between antioxidant biomarkers in patients’ groups
Total Glutathione Glutathione Peroxidase SOD
Total Glutathione Correlation Coefficient 1.000 0.614** 0.259
Sig. (2-tailed) 0.000 0.050
Glutathione Peroxidase Correlation Coefficient 0.614** 1.000 0.311*
Sig. (2-tailed) 0.000 0.018
SOD Correlation Coefficient 0.259* 0.311* 1.000
Sig. (2-tailed) 0.050 0.018
* Correlation is significant at p<0.05, ** Correlation is significant at p<0.01.
4. DISCUSSION reduces FMRP expression. FMRP is a proFe!n g]at
has a role in synaptic development and plasticity=*.
Fragile X syndrome is a neurodegenerative Increased stress in brain tissues is thought to
X-linked disorder characterized by a wide range of play a role in cognitive impairment. Alzheimer's
cognitive, behavioral, and physical issues*°. Because disease, Parkinson's disease, Friedreich ataxia, and
the increase of CGG repeat elements in the FMR1 other mental disorders such as autism, schizophrenia,
gene locus Xq27.3, hyper methylated area in the gene Down's syndrome, and Fragile X syndrome have all
promoter originated, silencing the FMR1 gene been linked to this impairment ® 11233334 Several
investigations have shown that the brain oxidative
47
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stress plays a role in the state of fragile X. El Bekay
etal.(2007)identified the oxidative stress pathways in
the Fmrl-KO Mice brains, including free-radical
abnormalities, increased ROS levels and reduced
antioxidant indexes including GSH, GSH peroxidase
and GSH transmission. This disequilibrium between
the ROS and antioxidants increases oxidative stress
in young Fmr1-KO mice's brains which contribute to
their phenotype . However, this technique is
invasive, and difficult to apply to FXS prognosis.

High levels of oxidative stress biomarkers in the
blood indicate similar stress status in brain, according
to several studies ® 23 The capacity to measure
antioxidant levels in systemic circulation has sparked
focus in using them as biomarkers for risk
assessments and disease severity progressions, which
is an important step in evaluating the response to
preventative interventions.

The present study revealed that total
glutathione, glutathione peroxidase, and SOD were
significantly lower than controls group for the
patients’ group, which is supported by prior studies.
Lower SOD levels and glutathione peroxidase had
been seen in patients with Alzheimer's disease (AD)
% 23 GSH blood levels were identified as a major
predictor of cognitive performance in individuals
suffering from Alzheimer's disease, with a
connection between decreased blood GSH and severe
cognitive impairment . In addition, patients with
Parkinson's disease showed decreased GSH, a major
antioxidant molecule 3.

Our study showed a significant difference in the
mean +SE plasma levels of total glutathione;
glutathione peroxidase in the female patients’ group
compared with the male in the same patients’ group,
while there was no any significant differences in the
mean + SE plasma levels of SOD between the two
groups. There was no significant difference between
female to the male in control group for the three
antioxidant parameters, these findings indicate a
favorable relationship between mothers and their
sons. Another study discovered a close correlation
between mothers' oxidative stress and those of their
neonates, with a high mother's oxidative stress
leading to even higher oxidative stress in their
children® These findings underscore the importance
of tracking permuted females's oxidative stress levels
in order to forecast the oxidative stress profile that
will help the following generation develop.

The present study also demonstrated, that the
plasma level of total glutathione was shown to have
a significant positive association with glutathione
peroxidase in patients’ group at p<0, 00 (table 3), but
not with SOD. The plasma levels of glutathione
peroxidase, on the other hand, were shown to have
significant positive association with SOD at p< 0.05

(table 3). The positive association between
glutathione with glutathione peroxidase and SOD
may be due to the complimentary action between
them, since the GSH—is a substrate of glutathione
peroxidase. Glutathione peroxidase and SOD
contribute to the cascade pathway of action. These
findings were in agreement with other studies, which
showed significant decrease in the plasma level of
total glutathione in concordant with glutathione
peroxidase level in several diseases such as
pulmonary tuberculosis *¢, and anemia . In addition,
Lovell et al. (1995) demonstrated significant
decrease in glutathione peroxidase in parallel to SOD
level in the brain in patients with Alzheimer’s
disease®.

5. CONCLUSIONS

The present study reported significant
decrease in plasma levels of antioxidant biomarkers
in FXS patients compared with control subjects.
Antioxidant biomarkers may represent as a corner
stone of understanding pathophysiology of FXS. An
ideal biomarker would be a step in the right direction
that connects the underlying pathology to clinical
manifestations of illness. Further studies are required
to clarify the role of antioxidant biomarkers in FXS
prognosis and progression.
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