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Background. circulating microRNAs are potential blood biomarkers differentially expressed in many diseases including neuro
depression disorders. It controls the expression of human genes and associated cellular and physiological processes in normal
and diseased cells. We aimed to evaluate the potential role of circulating miRNAs and their association with both stress
hormones and cellular oxidative stress in neuro depression disorders occurred among older adults. Methods. a total of 70
healthy subjects were included in this study. Based upon the profile of mood states (POMS-32 score), the participants
classified into two groups; healthy subjects (n =30) and depression (n =40). The expression of microRNAs; miR-124, miR-
34a-5p, miR-135, and miR-451-a and their correlation with cellular oxidative stress parameters; cellular NO, genes of
SOD2, CAT and iNOS, and hormones; cortisol and serotonin were estimated by a quantitative real-time RT-PCR, high-
performance liquid chromatography, and ELISA Immunoassay techniques, respectively. Results. depression was reported in
57.14% of the participants. The results showed a significant increase (p =0.01) in the total mood scores, and relative
depression domains in older adults with depression compared to healthy controls. The relative expression levels of miR-
124, miR-34a-5p significantly increased and the expression levels of miR-135, and miR-451-a significantly decreased in
older adults with depression compared to healthy controls. In addition, the levels of cortisol significantly increased and
serotonin (5HT) significantly reduced in all participants with depression. Cellular oxidative stress analysis for depressed
subjects showed that serum NO levels and the expression of iNO gene significantly increased conversely with a decline in
the molecular expression antioxidative genes; SOD2, CAT, respectively. The results showed that cellular oxidative stress
parameters correlated positively with depression scores, cortisol, and negatively with cellular serotonin levels. In depressed
subjects, the relative expression of microRNAs correlated positively with depression score, NO, iNOS, cortisol, and
negatively associated with SOD2, CAT, and serotonin. Conclusion. The combination of cellular oxidative stress and
hormonal levels strongly supports a role for circulating miRNAs; miR-124, miR-34a-5p, miR-135, and miR-451-a in the
regulation of depression and mood disorders among older adults. The expressed microRNAs with their related association
to cellular oxidative stress and adrenal hormones are a step towards understanding the role of these small RNA molecules
in the progression of depression among older adults. Thus, cellular miRNAs might have a prognostic role in the diagnosis
and as a target for treatment strategies in depressed subjects.

1. Introduction

microRNAs (miRNAs) are non-coding RNAs differentially
expressed in many diseases including neuro depression disor-
ders [1–8]. It was shown to be associated with most of basic
biological processes especially, cell differentiation, prolifera-
tion, and cellaur oxidative streaass, and apoptosis. The pro-

posed controling role of miRNAs performed by suppression
of gene expression of over 90% of human genes either by
degrading mRNA or repressing mRNA translation via defi-
cient complementary binding to their target mRNAs [9, 10].

Higher expression of cellular microRNAs was reported
in neurons and proposed to regulate celluar processes of
brain development including cellular neurogenesis,
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apoptosis, proliferation, and cellular metabolism [4, 10].
Thus, abnormal or dysregulated expression of cellular miR-
NAs was significantly associated with many neurological
and psychiatric diseases [5, 6, 11, 12]. Cellular miRNAs are
easily transferred to human body fluids, particularly serum,
plasma, and cerebrospinal fluid (CSF). Also, the differntial
expression of miRNAs is stable and its association with the
status of cells could be easily detected [13]. Thus, in many
diseases, microRNAs were the potential blood biomarkers
displaying efficiently the magnitude of the disease on physi-
ological and cellular bases [14].

A bnormal cellular expression of oxidative stress genes
also showed to be associated with the pathogenesis of many
psychiatric disorders, including depression and anxiety
[15–17]. The potential effective role of oxidative stress might
realted to the high oxygen consumption and lipid-rich con-
stitution of the brain along with lower both levels of essential
celluar antioxidants and deficinent in the activities of cellular
antioxidant enzymes [18–21].

In addition, adrenal hormonal changes and sedentary
lifestyle recently associated with depression in older adults
[22]. They showed that optimizing the levels of the hor-
mones of the HPA axis by xercise interventions plays a
potential physiological role in the performance of a psycho-
logical state among older adults with depression [22]. Cel-
luar adrenal hormones like cortisol are controlled by the
activity of the HPA and its release in the plasma depend
up on the magnitude of stress particularly in older adults
[23–25]. Also, lower levels of celluar serotonin deficiency
was significantly mentioned as causative parameter of
depression [26–28].

The abnormal expression of miRNAs in body fluids and
brain tissues showed to be associated with the magnitude of
depression in both patients and animal models [29–31].
Although miRNAs have potential as biomarkers [32, 33],
their roles in the depression, association with cellular oxida-
tive stress, and stress hormones not fully elucidated. Thus,
the current study aimed to evaluate the potential role of cir-
culating miRNAs and their association with both stress hor-
mones and cellular oxidative stress in neuro depression
disorders occured among older adults.

2. Materials and Methods

2.1. Subjects. A total of 110 healthy subjects with an age
range of 60-85 years old and mean age of (58.3± 2.4) were
invited via electoral roll randomized selection to participate
in this study. Only, 70 subjects who matched the inclusion
criteria and agreed to complete the proposed protocol of this
study. Subjects with psychiatric illness, chronic infections,
severe diseases, abnormalities in endocrine, immune, or even
eating habits were excluded from this study. In addition,
subjects who taking glucocorticoid medication that affect
the measured stress and depressive parameters were
excluded from this study. Written informed consent was
received from all subjects before participation. Depression
scores were evaluated by the profile of mood states
(POMS-32) as previously reported [34, 35], and the subjects
were classified according to POMS-32 into two groups: the

control group (n=30), and the depressive group (n=40) as
shown in the flow chart Figure 1. The study protocol was
reviewed according to the ethical guidelines of the 1975 Dec-
laration of Helsinki and approved by the ethical committee
of RRC, King Saud University, Kingdom of Saudi Arabia,
under file number (ID: RRC-2018-018). The demographics
and baseline characteristics of participants are shown in
Table 1.

2.2. Profile of Mood States (POMS). All participants were
subjected to estimate their depressive score by using a pre-
validated short version of the POMS as previously reported
[34, 35]. In this step mood states of each participant were
evaluated by a self-reported questionnaire consists of 32
items (POMS-32 score). For each participant, five different
domains of POMS-score; fatigue (6 items), irritation (7
items), vigor (5 items), tension (6 items), and depression (8
items) were used to measure the score depressive mood
[34]. In addition, a 5-point Likert scale,3 ranging from “not
at all” (0) to “extremely” (4) was used to score the POMS-
results of each subject. The reliability and validity of this
scale are good (α= .76–α= .95) [35, 36].

In the current study, internal consistency for the differ-
ent domains ranged from α= .86 to α= .97, respectively.
Based on the POMS analysis, the subjects were classified into
two groups control group (n=30), and the depressive group
(n=40).

2.3. Assessment of Stress Hormones. Saliva and serum sam-
ples were collected from each participant according to a pro-
posed time selected for the control of the circadian
hormonal range as previously reported [37]. Immunoassay
technique was evaluated to estimate cortisol level (pg/mL)
of all participants by using the competitive ELISA-kit (Diag-
nostics Biochem, Ontario, Canada, Inc.) [38]. In addition,
serotonin levels (ng/mL) were evaluated in serum samples
by using competitive immunoassay ELISA kit (KA1894,
Novus Biologicals, Ontario, Canada, Inc.) [38].

2.4. Assessment of Nitric Oxide Levels (NO). Nitric oxide
(NO) concentrations serum of all participants. The levels
of NO were estimated as nitrate and nitrite at a wavelength
of (λ; 540 nm) using high-performance liquid chromatogra-
phy assay as mentioned previously [39] .

2.5. Real-Time RT-PCR Analysis of Circulating miRNAs and
Antioxidant Genes

2.5.1. Extraction of RNA and Synthesis of cDNA. For each
participant, the miRNease isolation kit (Qiagen, Hilden,
Germany) was used to extract total RNA from serum sam-
ples. A reverse-transcription polymerase chain reaction
(RTPCR) was applied to analyze total RNA in all serum
samples. Then, a complementary DNA (c-DNA) was gener-
ated using reverse transcription miScriptII RT kits (Qiagen),
and the levels of miRNAs were evaluated by optical den-
sity [40].

2.5.2. Real-Time RT-PCR Analysis. Commercial solutions
containing the primers and probes for human antioxidant
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genes; SOD2, CAT, and iNOS (Sigma-Aldrich, Thermo Sci-
entific, Germany) as in Table 1 were used to screen the
expression of antioaxidant genes in palsma of all subjects
by using a quantitative real-time RT-PCR using an ABI
7300 system (Applied Biosystems) [40]. In addition, the
primers of circulating miRNAs; miR-124, miR-34a-5p,
miR-135, and miR-451-a (Applied Biosystems, Foster City,
CA, U.S.A.) (Table 2), were used to screen the expression
of miRNAs in the plasma of all participants by using a quan-
titative real-time RT-PCR [40]. The average copy number of
the resultant PCR components was normalized according to
the GAPDH gene which used as an internal housekeeping
gene [41]. In PCR process, templets of respective cDNA sub-
jected to four thermal phases; primary denaturation phase
(I) (at 94°C for 2 minutes); denaturation phase (II) (at
94°C for 30 seconds); annealing phase (III) (at 59°C for 30
seconds), and amplification phase (IV) (at 72°C for 30 sec-

onds). The PCR phases (II to IV) proceed for 45 cycles
and all reactions were measured in triplicated manner [41].

2.5.3. Statistical Analysis. Power calculations of the selected
sample size of 70 subjects showed to give an estimated power
of 96% and a significance level of 0.05 with an expected fre-
quency of 8.5%.

An SPSS statistical program (SPSS, IBM Statistics V.17)
was used to analyze all data produced in this study. The data
of continuous variables are expressed as mean± SD. The fre-
quency differences between the groups was analyzed by
using a non-parametric test (Mann–Whitney-Wilcoxon test)
and the χ2 test, respectively. In all groups, two independent
sample t-tests were used for comparison between the studied
variables such as depressive mood score (dependent vari-
able), expression levels of miRNAs, antioxidant genes, and
stress hormones (independent variables). In addition, multi-
ple stepwise regressions and Pearson’s correlations analysis
were used to estimate the associations between POMS scores
and those of miRNAs levels, stress hormones, antoxidant
genes and cellular NO concentrations in older subjects with
depression and in controls. All tests were two-tailed; because
of multiple assessments, results were only considered statis-
tically significant at a value of p<0.01.

3. Results

A total of 70 healthy subjects were recruited to participate in
this study (Table 1). They are classified according to depres-
sion scores into healthy controls (n=30) and depressive (n=
40). Aconsideral increase in BMI (p=0.001), waist (p =
0.001), hips (p=0.01), and WHR (p=0.01) as parameters of
body composition were considerably increased in adults
with depression compared to healthy controls (Table 1). In
addition, no influence of lifestyle factors reported among
all participants. The results showed that more than 90% of
all participants are working with the regular activity of more
than 50% (Table 1). Although more than 20% of depressed
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Figure 1: Flow of participants through each stage of the study.

Table 1: The demographics and baseline characteristics of
participants.

Parameters Control group Depressive group

N 30 (42.86%) 40 (57.14%)

Male/female 23/7 30/10

Age (years) 62.8± 3.5 64.7± 4.8
BMI (kg/m2) 21.8± 3.1 25.1± 2.7 b

Waist (cm) 72.6± 11.3 96.1± 9.6 b

Hips (cm) 85.6± 10.2 89.6± 21.3 a

WHR 0.85± 0.06 1.3± 0.12 a

Systolic BP (mmHg) 110.5± 6.3 105± 11.3
Diastolic BP (mmHg) 73.6± 10.4 73.8± 10.4
Lifestyle factors, %

Working 95.5 92.5

Exercising regularly 56.5 52.8

Smoking 12.5 20.9

Values are expressed as mean ± SD; Significance at p <0.05. a p <0.01, b p <
0.001.
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adults are smokers, the smoking habit has no significant
value on depression scores (Table 1).

The profile of mood scores among the studied subjects
was differentially estimated (Figure 2(a)). All measured
mood scores significantly increased in adults with depres-
sion (P=0.001) compared to healthy controls. The results
showed a significant increase (p=0.01) in the total mood
scores, and relative depression domains in older adults with
depression compared to healthy controls (Figure 2(a)). In
addition, cellular hormonal changes with depression were
estimated in all participants (Figure 2(b)). In depressed older
adults, a significant increase (p=0.001) in cellular cortisol
levels with lower serotonin levels were reported compared
to healthy controls (Figure 2(b)). The data support physio-
logical changes in cellular adrenal hormones associated with
neuro depression disorders.

To study the influence of cellular oxidative stress on the
status of depression, serum levels of cellular nitric oxide
(NO) along with the expression rates of mRNAs of cellular
iNOS, SOD2, CAT genes were estimated by high-
performance liquid chromatography and real-time PCR
analysis (Figure 3). The results showed a significant increase
(p=0.001) in the levels of cellular nitric oxide (NO) in older
adults with depression compared to healthy controls
(Figure 3(a)). In addition, older adults with depression
showed a significant increase (p=0.001) in the expression
levels of mRNA of cellular iNOS gene with lower levels of
the expressed mRNAs of SOD2 and CAT antioxidant genes,
respectively, compared to that of healthy controls
(Figure 3(b)).

The molecular expression of oxidative stress genes sig-
nificantly associated with physiological changes ion cellular
hormones and mood scores (Table 3). In depressed older
adults, cellular expression of oxidative stress genes; iNOS,
SOD2, and CAT, and NO correlated positively with the

changes in the domains of mood profile scores (depression,
anger, fatigue, vigor, tension, TMSore), cortisol, and nega-
tively with cellular serotonin levels as shown in the Table 3.

In this study, the potential role of cellular micro-RNAs
in the pathogenesis and severity of depression was esti-
mated by using and real-time PCR analysis (Figure 4).
Differential expression of micro-RNAs; miR-124, miR-
34a-5p, miR-135, and miR-451-a was screened in healthy
control and older adults with depression (Figure 4). The
results showed that the relative expression of miR-124
and miR-34a-5p significantly increased (P=0.001), and
miR-135, and miR-451-a significantly reduced (P=0.01)
in older adults with depression compared healthy controls
(Figure 4). In depressed older adults, miRNAs profiling
analysis showed that the relative expression of miR-124,
miR-34a-5p, miR-135, and miR-451-a correlated positively
with TM-score, NO, iNOS, cortisol, and negatively associ-
ated with SOD2, CAT, and serotonin as shown in Table 4.
The results showed that cellular miRNAs may have a
potential role in the pathogenesis of depression via
enhancing molecular expression cellular oxidative stress
genes along with an increase of serum nitric oxide. Thus,
the estimation of cellular miRNAs might have a prognostic
role in the diagnosis and as target for treatment strategies
in depressed subjects.

4. Discussion

Depression is one of the most mental disorders sowed to
be associated with the disease burden worldwide [42].
Recently, symptoms of depression, anxiety, and stress-
related disorders have been recognized in more than 32%
of patients [43–46].

In this study, depression was reported in 57.14% of
the participants. The results showed a significant increase

Table 2: list of primer sequences used in real-time PCR analysis.

Gene Primer sequences

GAPDH
For 5′-CAA GGT CAT CCA TGA CAA CTT TG-3′
Rev 5′-GTC CAC CAC CCT GTT GCT GTA G-3′

SOD2
For 5′-AGCTGCACCACAGCAAGCAC-3′
Rev 5′-TCCACCACCCTTAGGGCTCA-3

CAT
For 5′-TCCGGGATCTTTTTAACGCCATTG-3′
Rev 5′-TCGAGCACGGTAGGGACAGTTCAC-3′

iNOS
For 5′-GTTCCTCAGGCTTGGGTCTT-3′
Rev 5′-TGGGGGAACACAGTAATGGC-3′

MiR-124
For 5′- GTTTCTGTGGTGTAGTCCTCAGGGCTGGGATACTTCTG -3′
Rev 5′- CCAGCCCTGAGGACTACACCACAGAAACAACCTAGCC-3′

miR-34a-5p
For: 5’- GCAGTGGCAGTGTCT TAG-3’

Rev: 5’- GGTCCAGTTTTTTTTTTTTTTTACAAC-3’

miR-135
For 5′- ACAUAGGAAUAAAAAGCCAUAtt-3′

Rev 5′- CUAUGGCUUUUUAUUCCUAUGUGA-3′

miR-451a
For 5′- TGGCCGTTACCATTACTGAGTT-3′
Rev 5′- CTCAACTGGTGTCGTGGAGTC-3′
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(p=0.01) in the total mood scores, and relative depression
domains in older adults with depression compared to
healthy controls.

The progression of depression among older adults
appear to be influenced with asignificant change or disorders
in neurotransmitter systems [22, 25, 26, 28].

The correlation between adrenal cortisol and celluar
serotonin was evaluated in this study. A significant increase
(p=0.001) in cellular cortisol levels with lower serotonin
levels were reported in depressed older adults compared to
healthy controls. The data support physiological changes in
cellular adrenal hormones in association with neuro depres-

sion disordersas previously reported [23–28]. In most stud-
ies, the expression and relase of cellular cortisol into blood
stream significantly controlled by the magnitude of stress
particularly in older adults [23–25]. This stress activates
the HPA to further cortisol secrtions into the blood circula-
tion as recently approved [22]. In addition, our results are in
line with those who reported significant decline in the levels
of blood serotonin in patients with depression [26–28].

In many psychiatric disorders, celluar oxidative stress
might be an additional pathogenic factor emrged due to
higher oxygen consumption and increased lipid content in
the barin of patients [15–20].
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Figure 2: Mood profile scores [A] and the levels of cellular hormones [B] in healthy control and older adults with neurodepression
disorders. The results showed significant increase (p =0.01) in the total mood scores, and relative depression domins in older adults with
depression compared to healthy controls [A]. In addition, significant increase (p =0.001) in cellular cortisol levels with lower serotonin
levels in older adults with depression compared to healthy controls. a p≤0.01,b p≤0.001. D: Depression; A: Anger; F: Fatigue; V: Vigour;
T: Tension.
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Figure 3: Cellular oxidative profile in healthy control and older adults with neurodepression disorders [A&]. The results showed significant
increase (p =0.001) in the levels of celluar nitric oxide (NO) in older adults with depression compared to healthy controls [A]. In addition,
older adults with depression showed significant increase (p =0.001) in the expression levels of mRNA of cellular iNOS gene with lower levels
of the expressed mRNAs of SOD2 and CAT antioxidant genes compared to that of healthy controls. a p≤0.01,b p≤0.001.
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Thus, in this study the levels of cellular nitric oxide (NO)
and the expression rates of mRNAs of cellular iNOS, SOD2,
CAT genes were estimated by using high-performance liquid
chromatography and real-time PCR analysis. Cellular nitric
oxide (NO), and iNOS gene expression significantly
increased and the expression levels of SOD2 and CAT anti-
oxidant genes significantly decreased in older adults with
depression. The data showed that oxidative stress pramters;
iNOS, SOD2, and CAT, and NO correlated positively with
the changes in the domains of mood profile scores (depres-
sion, anger, fatigue, vigor, tension, TMSore), cortisol, and
negatively with cellular serotonin levels.

In most studies, depression showed to be associated with
decline in the plasma concentrations of antioxidants and
antioxidative enzyme activities [17, 18, 21]. The deficient

in both antioxidant and cellular antioxidant enzymes
reduces the protection against the intiated cellular oxidative
and nitrogen free radicals which ultimately inducing cellular
damage to fatty acids, proteins, DNA, and mitochondria
[47–49]. Also, in our recent study, change in the level of
adrenal hormones was reported in older adults with higher
depressive scores compared to control healthy subjects. In
that study, a significant increase in the level cortisol was
reported in association with other adrenal hormones such
as ACTH and CORT [22].

Previous studies showed that genetic susceptibility may
has an additional causatic action in the progression of
depression [50, 51]. However, the molecular pathophysiol-
ogy of depression and its correlation with adrenal hormones
and cellular oxidative stress rarly or not fully illustrated. Cir-
culating microRNAs are non coding short strands RNAs
showed much intrrerest as gene expression regulators in
the pathophysiologies of many diseases [52–56]. The unique
non-coding RNA short sequence (23 nucleotides) of micro-
RNAs binds firmly to their targets mRNAs via untranslated
region (UTR) producing a suppression or destabilization of
genetic code translation which consequently reduce the syn-
thesis or production of associated proteins [57]. microRNAs
play a potential role as regulators for cellular physiological
activities like cell cycle, apoptosis, neuronal development,
and intracellular pathway signaling in normal and devolped
diseases, particualry depression [58–61].

In this study, a quantitative real-time PCR (qPCR) was
conducted to screen the expression of miRNAs in plasma
of all subjects. A relative expression of micro-RNAs; miR-
124, miR-34a-5p, miR-135, and miR-451-a was estimated
in both healthy subjects and older adults with depression.
The results showed that the expression of miR-124 and
miR-34a-5p significantly increased (P=0.001), and miR-
135, and miR-451-a significantly reduced (P=0.01) in older
adults with depression compared to healthy controls.

A quantitative real-time PCR (qPCR) results of previ-
ously reported studies confirmed that miR-124 and

Table 3: Correlation between molecular expression of oxidative stress genes with celluar hormones and mood scores in older adults with
neurodepression disorders (n =40).

Variables
m-RNA expression of oxidative stress genes in neurodepressed adults (n =40)

NO iNOS SOD2 CAT
Rs P Rs P Rs P Rs P

Cortisol 0.75 0.01 0.35 0.01 -0.43 0.001 -0.31 0.01

Serotonin -0.28 0.01 -0.18 0.01 0.15 0.001 0.21 0.01

TMScore 0.56 0.01 0.39 0.01 0.38 0.001 0.46 0.001

Domains of POMScores

Depression 0.24 0.01 0.14 0.01 0.22 0.01 0.23 0.01

Anger 0.35 0.01 0.23 0.01 0.31 0.01 0.38 0.01

Fatigue 0.13 0.01 0.31 0.01 0.38 0.01 0.34 0.01

Vigour 0.58 0.01 0.14 0.01 0.53 0.01 0.36 0.01

Tension 0.49 0.01 0.18 0.01 0.29 0.01 0.58 0.01

Spearman’s rho (rs) of miRNA relative expression levels vs. cellular oxidative stress genes, hormones activity, and mood score, 2-tailed significance (P), and
number of subjects are presented. Correlations observed included hormonal markers and mood score frequency based on expression profiles of cellular
oxidative stress genes. Nitric oxide (NO); endothelial nitric oxide synthase (iNOS); superoxide dismutase enzyme (SOD2); catalase enzyme (CAT); total
mood score (TMscore); Profile of mood states (POMS).
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miRNA-34a-5p expression levels were significantly
increased and miR-135 and miRNA-451a expression levels
were significantly decreased in patients with depression
compared to those expressed in healthy controls [62–64].
The upregulated levels of miR-124 and miRNA-34a-5p and
dounregualted levels of miR-135 and miRNA-451a were sig-
nificantly reported in the plasma of drug-free patients with
depression [62–64].

In drug-naive patients, the expression levels of miR-124
and miRNA-34a-5p significantly decreased and those of
miR-135 and miRNA-451a significantly increased [65, 66].
This significantly supports the prognostic regulatory role of
miRNAs as well as therapeutic targets in treated and non
treated patients with depression [66, 67]. In addition, alter-
nation in the expression levels of miRNAs before and after
treatment signifies its role in the progression of depression
[53, 68].

In this study, the expression of miRNAs was significantly
associated with the progression of depression, neurotrans-
mittors, and celluar oxidative stress. In older adults with
depression, the expression levels of miR-124, miR-34a-5p,
miR-135, and miR-451-a correlated positively with scores
of depression, cellular nitric oxide (NO), iNOS, cortisol,
and negatively associated with SOD2, CAT, and serotonin.

In normal cells, the presence of miRNAs such as miR-
34a-5p significantly regulates cell survival/apoptosis and
neuroprotection signaling by controlling a set of cellular
genes like as p53, B-cell lymphoma 2 (Bcl-2) and silent
information regulator 1 (SIRT1) deacetylase, respectively.
miR-34a-5p showed to increase in the expression of p53
via suppression of SIRT1 [69, 70].

In patients with depression, cellular oxidative stress
upregulate the expression levels of p53 within cells and con-
sequently increased the expression levels of miR-34a-5p.
These results confirmed that oxidative stress increased by
depression further enhances the upregulation of miR-34a-
5p and miR-124 and downregulation of miR-135, and
miR-451-a in the serum and brain tissues of these patients
[69, 71]. The overexpressed oxidative free radicals like nitric
oxide (NO) significantly contributed to a decrease in the

expression levels of cellularSOD2, CAT, and an increase in
the expression levels of iNOS [71–73]. Thus, in patients with
depression, a correlative physiological relation was reported
between higher oxidative stress, lower defensive system,
expressed miRNAs, and the severity of the disease.

In patients with depression, the relative expression of
cellular miRNAs significantly correlated with excess cortisol
activity released from overactived hypothalamic–pituitary–
adrenal (HPA) axis and lower levels of serotonin (5HT),
respectively. Several astudies reported that both miR-124
and miR-135 significantly regulated by serotonin (5HT)
[65, 74–76]. A strong miRNA-target interactions were
reported between miR-124 or miR-135 and 5HT transporter
and 5HT receptor-1a transcripts. This suggested that higher
or lower expression rates of miR-124 or miR-135 significanly
associated with serotonin (5HT) levels which consequently
colud used as aprognostic factors to measure the response
to antidepressant treatment [65, 74–76]. In addition, the
expression of miR-34a-5p and miR-451-a significantly cor-
related with serotonin (5HT) and cortisol levels via affecting
of the expression of brain-derived neurotrophic factor
(BDNF) expression [67, 77, 78]. In patients with depression,
abnormal expression of miRNA-34a and miR-451-a signifi-
cantly lower the expression of BDNF which affects indirectly
on integration of 5HT and COR systems via producing a
pro-neuroprotection signaling cascades [79–82].

5. Conclusion

The combination of cellular oxidative stress and hormonal
levels strongly supports a role for circulating miRNAs;
miR-124, miR-34a-5p, miR-135, and miR-451-a in the regu-
lation of depression and mood disorders among older adults.
The expressed microRNAs with their related association to
cellular oxidative stress and adrenal hormones are a step
towards understanding the role of these small RNA mole-
cules in the progression of depression among older adults.
Thus, cellular miRNAs might have a prognostic role in the
diagnosis and as a target for treatment strategies in
depressed subjects.

Table 4: Correlation studies between microRNA expression, celluar oxidative stress, hormones activity, and mood scores in older adults
with neurodepression disorders (n =40).

Variables
MicroRNAs expression in neurodepressed adults (n =40)

miR-124 miR-34a-5p miR-135 miR-451a
Rs P Rs P Rs P Rs P

NO 0.36 0.01 0.42 0.01 0.32 0.001 0.52 0.01

iNOs 0.32 0.001 0.63 0.01 0.39 0.001 0.46 0.01

SOD2 -0.21 0.01 -0.25 0.01 -0.37 0.001 -0.47 0.01

CAT -0.51 0.01 -0.37 0.01 -0.48 0.001 -0.31 0.01

Cortisol 0.48 0.01 0.28 0.01 0.38 0.001 0.67 0.01

Serotonin -0.21 0.01 -0.21 0.01 -0.41 0.001 -0.51 0.01

TMscore 0.37 0.004 0.31 0.01 0.75 0.001 0.69 0.01

Spearman’s rho (rs) of miRNA relative expression levels vs. cellular oxidative stress, hormones activity, and mood score, 2-tailed significance (P), and number
of subjects are presented. Correlations observed included celluar oxidative and hormonal markers, and mood score frequency based on miRNAs profiling.
Nitric oxide (NO); endothelial nitric oxide synthase (iNOS); superoxide dismutase enzyme (SOD2); catalase enzyme (CAT); total mood score (TMscore).

7Disease Markers



Data Availability

All data generated or analyzed during this study are pre-
sented in the manuscript. Please contact the corresponding
author for access to data presented in this study.

Conflicts of Interest

The authors declare that they have no competing interests.

Acknowledgments

The authors are grateful to the Researchers Supporting Pro-
ject number (RSP-2021/382), King Saud University, Riyadh,
Saudi Arabia for funding this research.

References

[1] Y. Zhang, L. Cheng, Y. Chen, G. Y. Yang, J. Liu, and L. Zeng,
“Clinical predictor and circulating microRNA profile expres-
sion in patients with early onset post-stroke depression,” Jour-
nal of Affective Disorders, vol. 193, pp. 51–58, 2016.

[2] X. Wang, K. Sundquist, A. Hedelius, K. Palmér, A. A. Memon,
and J. Sundquist, “Circulating microRNA-144-5p is associated
with depressive disorders,” Clinical Epigenetics, vol. 7, 2015.

[3] K. C. Miranda, T. Huynh, Y. Tay et al., “A pattern-based
method for the identification of microRNA binding sites and
their corresponding heteroduplexes,” Cell, vol. 126, pp. 1203–
1217, 2006.

[4] Y. Zeng, “Regulation of the mammalian nervous system by
microRNAs,” Molecular Pharmacology, vol. 75, no. 2,
pp. 259–264, 2009.

[5] S. S. Hebert, K. Horre, L. Nicolai et al., “Loss of microRNA
cluster miR-29a/b-1 in sporadic Alzheimer’s disease correlates
with increased BACE1/beta-secretase expression,” Proceedings
of the National Academy of Sciences of the United States of
America, vol. 105, no. 17, pp. 6415–6420, 2008.

[6] A. H. Kim, M. Reimers, B. Maher et al., “MicroRNA expres-
sion profiling in the prefrontal cortex of individuals affected
with schizophrenia and bipolar disorders,” Schizophrenia
Research, vol. 124, no. 1-3, pp. 183–191, 2010.

[7] H. A. Al-Rawaf, A. H. Alghadir, and S. A. Gabr, “Circulating
microRNAs expression as predictors of clinical response in
rheumatoid arthritis patients treated with green tea,” Journal
of Herbal Medicine, vol. 27, article 100363, 2020.

[8] Y. Lu, X. Yue, Y. Cui, J. Zhang, and K. Wang, “MicroRNA-124
suppresses growth of human hepatocellular carcinoma by tar-
geting STAT3,” Biochemical and Biophysical Research Com-
munications, vol. 441, no. 4, pp. 873–879, 2013.

[9] Y. Huang, X. J. Shen, Q. Zou, S. P. Wang, S. M. Tang, and G. Z.
Zhang, “Biological functions of microRNAs: a review,” Journal
of Physiology and Biochemistry, vol. 67, pp. 129–139, 2011.

[10] K. M. Nelson and G. J. Weiss, “MicroRNAs and cancer: past,
present, and potential future,”Molecular Cancer Therapeutics,
vol. 7, pp. 3655–3660, 2008.

[11] B. H. Miller, Z. Zeier, L. Xi et al., “MicroRNA-132 dysregula-
tion in schizophrenia has implications for both neurodevelop-
ment and adult brain function,” Proceedings of the National
Academy of Sciences of the United States of America, vol. 109,
no. 8, pp. 3125–3130, 2012.

[12] N. R. Smalheiser, G. Lugli, H. S. Rizavi, V. I. Torvik,
G. Turecki, and Y. Dwivedi, “MicroRNA expression is down-
regulated and reorganized in prefrontal cortex of depressed
suicide subjects,” PLoS One, vol. 7, no. 3, article e33201, 2012.

[13] J. A. Weber, D. H. Baxter, S. Zhang et al., “The microRNA
spectrum in 12 body fluids,” Clinical Chemistry, vol. 56,
no. 11, pp. 1733–1741, 2010.

[14] Y. Y. Xu, Q. H. Xia, Q. R. Xia, X. L. Zhang, and J. Liang,
“MicroRNA-Based Biomarkers in the Diagnosis and Monitor-
ing of Therapeutic Response in Patients with Depression,”
Neuropsychiatric Disease and Treatment, vol. 15, pp. 3583–
3597, 2019.

[15] J. Bouayed, H. Rammal, and R. Soulimani, “Oxidative stress
and anxiety relationship and cellular pathways,” Oxidative
Medicine and Cellular Longevity, vol. 2, no. 2, p. 67, 2009.

[16] I. Hovatta, J. Juhila, and J. Donner, “Oxidative stress in anxiety
and comorbid disorders,”Neuroscience Research, vol. 68, no. 4,
pp. 261–275, 2010.

[17] M. Maes, P. Galecki, Y. S. Chang, and M. Berk, “A review on
the oxidative and nitrosative stress (O&NS) pathways in major
depression and their possible contribution to the (neuro)de-
generative processes in that illness,” Progress in Neuro-
Psychopharmacology and Biological Psychiatry, vol. 35, no. 3,
pp. 676–692, 2011.

[18] G. Scapagnini, S. Davinelli, F. Drago, A. de Lorenzo, and
G. Oriani, “Antioxidants as antidepressants: fact or fiction?,”
CNS Drugs, vol. 26, no. 6, pp. 477–490, 2012.

[19] B. Halliwell, “Oxidative stress and neurodegeneration: where
are we now?,” Journal of Neurochemistry, vol. 97, no. 6,
pp. 1634–1658, 2006.

[20] M. Berk, F. Ng, O. Dean, S. Dodd, and A. I. Bush, “Glutathi-
one: a novel treatment target in psychiatry,” Trends in Phar-
macological Sciences, vol. 29, no. 7, pp. 346–351, 2008.

[21] O. Erel, “A novel automated direct measurement method for
total antioxidant capacity using a new generation, more stable
ABTS radical cation,” Clinical Biochemistry, vol. 37, no. 4,
pp. 277–285, 2004.

[22] A. H. Alghadir and S. A. Gabr, “Hormonal function responses
to moderate aerobic exercise in older adults with depression,”
Clinical Interventions in Aging, vol. 15, pp. 1271–1283, 2020.

[23] J. A. Blumenthal, M. A. Babyak, K. A. Moore et al., “Effects of
exercise training on older patients with major depression,”
Archives of Internal Medicine, vol. 159, no. 19, pp. 2349–
2356, 1999.

[24] A. Urhausen, H. Gabriel, and W. Kindermann, “Blood hor-
mones as markers of training stress and overtraining,” Sports
Medicine, vol. 20, no. 4, pp. 251–276, 1995.

[25] E. Platje, R. Vermeiren, S. J. Branje et al., “Long-term stability
of the cortisol awakening response over adolescence,” Psycho-
neuroendocrinology, vol. 38, no. 2, pp. 271–280, 2013.

[26] P. R. Albert, C. Benkelfat, and L. Descarries, “The neurobiol-
ogy of depression–revisiting the serotonin hypothesis I. Cellu-
lar and molecular mechanisms,” Philosophical Transactions of
the Royal Society B: Biological Sciences, vol. 367, no. 1601,
pp. 2378–2381, 2012.

[27] R. H. Belmaker and G. Agam, “Major depressive disorder,”
The New England Journal of Medicine, vol. 358, no. 1,
pp. 55–68, 2008.

[28] P. R. Albert and C. Benkelfat, “The neurobiology of depres-
sion–revisiting the serotonin hypothesis. II. Genetic, epige-
netic and clinical studies,” Philosophical transactions of the

8 Disease Markers



Royal Society of London. Series B, Biological sciences, vol. 368,
no. 1615, article 20120535, 2013.

[29] J. Tavakolizadeh, K. Roshanaei, A. Salmaninejad et al., “Micro-
RNAs and exosomes in depression: potential diagnostic bio-
markers,” Journal of Cellular Biochemistry, vol. 119, no. 5,
pp. 3783–3797, 2018.

[30] E. Maffioletti, D. Tardito, M. Gennarelli, and L. Bocchio-Chia-
vetto, “Micro spies from the brain to the periphery: new clues
from studies on microRNAs in neuropsychiatric disorders,”
Frontiers in Cellular Neuroscience, vol. 8, no. 8, p. 75, 2014.

[31] B. Pan and Y. Liu, “Effects of duloxetine on microRNA expres-
sion profile in frontal lobe and hippocampus in a mouse model
of depression,” International Journal of Clinical and Experi-
mental Pathology, vol. 8, no. 11, pp. 15454–15461, 2015.

[32] K. Sundarbose, R. V. Kartha, and S. Subramanian, “Micro-
RNAs as biomarkers in cancer,” Diagnostics, vol. 3, no. 1,
pp. 84–104, 2013.

[33] M. Salehi and S. P. D. Mohammadreza, “Exosomal miRNAs as
novel cancer biomarkers: challenges and opportunities,” Jour-
nal of Cellular Physiology, vol. 233, no. 1, pp. 6370–6380, 2018.

[34] F. D. M. Wald and G. J. Mellenbergh, “The short Dutch ver-
sion of the profile of moods states (POMS) questionnaire,”
Ned Tijdschr Psychology, vol. 45, pp. 86–90, 1990.

[35] J. M. Wicherts and H. C. M. Vorst, “Model adaptation of the
short version of the profile of moods states and variance
between males and females,” Nederl Tijdschr Psychology,
vol. 59, pp. 2–21, 2004.

[36] R. Likert, “A technique for the measurement of attitudes,”
Archives of Psychology, vol. 140, pp. 1–55, 1932.

[37] E. L. Cadore, M. Izquierdo, M. G. dos Santos et al., “Hormonal
responses to concurrent strength and endurance training with
different exercise orders,” Journal of Strength and Conditioning
Research, vol. 26, pp. 3281–3288, 2012.

[38] A. H. Alghadir, S. A. Gabr, and Z. A. Iqbal, “Effect of Gender,
Physical Activity and Stress-Related Hormones on Adoles-
cent's Academic Achievements,” International Journal of Envi-
ronmental Research and Public Health, vol. 17, no. 11, p. 4143,
2020.

[39] E. Carmeli, B. Imam, A. Bachar, and J. Merrick, “Inflammation
and oxidative stress as biomarkers of premature aging in per-
sons with intellectual disability,” Research in Developmental
Disabilities, vol. 33, no. 2, pp. 369–375, 2012.

[40] H. A. Al-Rawaf, A. H. Alghadir, and S. A. Gabr, “MicroRNAs
as biomarkers of pain intensity in patients with chronic fatigue
syndrome,” Pain Practice, vol. 19, no. 8, pp. 848–860, 2019.

[41] F. Safari, H. Hosseini, M. Bayat, and A. Ranjbar, “Synthesis
and evaluation of antimicrobial activity, cytotoxic and proa-
poptotic effects of novel spiro-4H-pyran derivatives,” RSC
Advances, vol. 9, no. 43, pp. 24843–24851, 2019.

[42] World Health Organization, “Mental health: a call for action
by world health ministers,” in p. 163, World Health Organiza-
tion, Geneva, 2001.

[43] J. L. Vázquez-Barquero, J. Garcia, J. A. Simón et al., “Mental
health in primary care. An epidemiological study of morbidity
and use of health resources,” The British Journal of Psychiatry,
vol. 170, pp. 529–535, 1997.

[44] O. Bodlund, S. O. Andersson, and L. Mallon, “Effects of con-
sulting psychiatrist in primary care. 1-year follow-up of diag-
nosing and treating anxiety and depression,” Scandinavian
Journal of Primary Health Care, vol. 17, pp. 153–157, 1999.

[45] A. Nordstrom and O. Bodlund, “Every third patient in primary
care suffers from depression, anxiety or alcohol problems,”
Nordic Journal of Psychiatry, vol. 62, pp. 250–255, 2008.

[46] V. Krishnan and E. J. Nestler, “Linking molecules to mood:
new insight into the biology of depression,” The American
Journal of Psychiatry, vol. 167, pp. 1305–1320, 2010.

[47] M. J. Forlenza and G. E. Miller, “Increased serum levels of 8-
hydroxy-2’-deoxyguanosinein clinicaldepression,” Psychoso-
matic Medicine, vol. 68, no. 1, pp. 1–7, 2006.

[48] Y. C. Wei, F. L. Zhou, D. L. He et al., “The level of oxidative
stress and the expression of genes involved in DNA- damage
signaling pathways in depressive patients with colorectal carci-
noma,” Journal of Psychosomatic Research, vol. 66, no. 3,
pp. 259–266, 2009.

[49] M. Maes, I. Mihaylova, M. Kubera, M. Uytterhoeven,
N. Vrydags, and E. Bosmans, “Increased 8-hydroxy-deoxygua-
nosine, a marker of oxidative damage to DNA, inmajor
depression andmyalgic encephalomyelitis/chronic fatigue syn-
drome,” Neuroendocrinology Letters, vol. 30, no. 6, pp. 715–
722, 2009.

[50] S. Mouillet-Richard, A. Baudry, J. M. Launay, and
O. Kellermann, “MicroRNAs and depression,” Neurobiology
of Disease, vol. 46, pp. 272–278, 2012.

[51] K. P. Ebmeier, C. Donaghey, and J. D. Steele, “Recent develop-
ments and current controversies in depression,” The Lancet,
vol. 367, pp. 153–167, 2006.

[52] X. Chen, Y. Ba, L. Ma et al., “Characterization of microRNAs
in serum: a novel class of biomarkers for diagnosis of cancer
and other diseases,” Cell Research, vol. 18, pp. 997–1006, 2008.

[53] P. S. Mitchell, R. K. Parkin, E. M. Kroh et al., “Circulating
microRNAs as stable blood-based markers for cancer detec-
tion,” Proceedings of the National Academy of Sciences of the
United States of America, vol. 105, no. 30, pp. 10513–10518,
2008.

[54] A. K. Pandey, P. Agarwal, K. Kaur, andM. Datta, “MicroRNAs
in diabetes: tiny players in big disease,” Cellular Physiology and
Biochemistry, vol. 23, pp. 221–232, 2009.

[55] N. Ludwig, N. Nourkami-Tutdibi, C. Backes et al., “Circulating
serum miRNAs as potential biomarkers for nephroblastoma,”
Pediatric Blood & Cancer, vol. 62, no. 8, pp. 1360–1367, 2015.

[56] S. Zafari, C. Backes, E. Meese, and A. Keller, “Circulating bio-
marker panels in Alzheimer's disease,” Gerontology, vol. 61,
no. 6, pp. 497–503, 2015.

[57] L. He and G. J. Hannon, “MicroRNAs: small RNAs with a big
role in gene regulation,” Nature Reviews. Genetics, vol. 5,
pp. 522–531, 2004.

[58] Y. Dwivedi, “Evidence demonstrating role of microRNAs in
the etiopathology of major depression,” Journal of Chemical
Neuroanatomy, vol. 42, pp. 142–156, 2011.

[59] A. Rivera-Barahona, B. Pérez, E. Richard, and L. R. Desviat,
“Role of miRNAs in human disease and inborn errors of
metabolism,” Journal of Inherited Metabolic Disease, vol. 40,
pp. 471–480, 2017.

[60] Y. Zhang, B. Huang, H. Y.Wang, A. Chang, and X. F. S. Zheng,
“Emerging role of MicroRNAs in mTOR signaling,” Cellular
and Molecular Life Sciences, vol. 74, pp. 2613–2625, 2017.

[61] G. Sebastiani, L. Nigi, G. E. Grieco, F. Mancarella,
G. Ventriglia, and F. Dotta, “Circulating microRNAs and dia-
betes mellitus: a novel tool for disease prediction, diagnosis,
and staging?,” Journal of Endocrinological Investigation,
vol. 40, pp. 591–610, 2017.

9Disease Markers



[62] O. Issler, S. Haramati, E. Paul et al., “MicroRNA 135 is essen-
tial for chronic stress resiliency, antidepressant efficacy, and
intact serotonergic activity,” Neuron, vol. 83, no. 2, pp. 344–
360, 2014.

[63] Y. Dwivedi, “microRNA-124: a putative therapeutic target and
biomarker for major depression,” Expert Opinion on Thera-
peutic Targets, vol. 21, no. 7, pp. 653–656, 2017.

[64] W.-H. Kuang, Z.-Q. Dong, L.-T. Tian, and J. Li, “MicroRNA-
451a, microRNA-34a-5p, and microRNA-221-3p as predictors
of response to antidepressant treatment,” Brazilian Journal of
Medical and Biological Research, vol. 51, no. 7, p. e7212, 2018.

[65] S. He, X. Liu, K. Jiang et al., “Alterations of microRNA-124
expression in peripheral blood mononuclear cells in pre- and
post-treatment patients with major depressive disorder,” Jour-
nal of Psychiatric Research, vol. 78, pp. 65–71, 2016.

[66] M. A. Camkurt, Ş. Acar, S. Coşkun et al., “Comparison of
plasma MicroRNA levels in drug naive, first episode depressed
patients and healthy controls,” Journal of Psychiatric Research,
vol. 69, pp. 67–71, 2015.

[67] Y. J. Li, M. Xu, Z. H. Gao et al., “Alterations of serum levels of
BDNF-related miRNAs in patients with depression,” PLoS
one, vol. 8, article e63648, 2013.

[68] Y. Dwivedi, “Emerging role of microRNAs in major depressive
disorder: diagnosis and therapeutic implications,”Dialogues in
Clinical Neuroscience, vol. 16, pp. 43–61, 2014.

[69] X. Li, A. Khanna, N. Li, and E. Wang, “Circulatory miR34a as
an RNAbased, noninvasive biomarker for brain aging,” Aging,
vol. 3, no. 10, pp. 985–1002, 2011.

[70] M. Yamakuchi, M. Ferlito, and C. J. Lowenstein, “miR-34a
repression of SIRT1 regulates apoptosis,” Proceedings of the
National Academy of Sciences, vol. 105, no. 36, pp. 13421–
13426, 2008.

[71] S. Bhatnagar, H. Chertkow, H. M. Schipper et al., “Increased
microRNA-34c abundance in Alzheimer’s disease circulating
blood plasma,” Frontiers in Molecular Neuroscience, vol. 7,
p. 2, 2014.

[72] P. Palta, L. J. Samuel, E. R. Miller 3rd, and S. L. Szanton,
“Depression and oxidative stress: results from a meta-
analysis of observational studies,” Psychosomatic Medicine,
vol. 76, no. 1, pp. 12–19, 2014.

[73] G. Lu, J. Li, H. Zhang, X. Zhao, L. J. Yan, and X. Yang, “Role
and possible mechanisms of Sirt1 in depression,” Oxidative
Medicine and Cellular Longevity, vol. 2018, Article ID
8596903, 2018.

[74] N. A. Maiorano and A. Mallamaci, “The pro-differentiating
role ofmiR-124: indicating the road to become a neuron,”
RNA Biology, vol. 7, pp. 528–533, 2010.

[75] P. Rajasethupathy, F. Fiumara, R. Sheridan et al., “Characteri-
zation of Small RNAs in Aplysia Reveals a Role for miR-124 in
Constraining Synaptic Plasticity through CREB,” Neuron,
vol. 63, no. 6, pp. 803–817, 2009.

[76] B. Roy, M. Dunbar, R. C. Shelton, and Y. Dwivedi, “Identifica-
tion of MiR-124-3p as a putative epigenetic signature of major
depressive disorder,” Neuropsychopharmacology, vol. 42, no. 4,
pp. 864–875, 2017.

[77] K. Wibrand, B. Pai, T. Siripornmongcolchai et al., “MicroRNA
regulation of the synaptic plasticity-related gene arc,” PLoS
One, vol. 7, no. 7, article e41688, 2012.

[78] M. T. Ray, C. Shannon Weickert, and M. J. Webster,
“Decreased BDNF and TrkB mRNA expression in multiple

cortical areas of patients with schizophrenia and mood disor-
ders,” Translational Psychiatry, vol. 4, article e389, 2014.

[79] T. Numakawa, N. Adachi, M. Richards, S. Chiba, and
H. Kunugi, “The influence of glucocorticoids on neuronal sur-
vival and synaptic function,” Biomolecular Concepts, vol. 3,
pp. 495–504, 2012.

[80] T. Numakawa, E. Kumamaru, N. Adachi, Y. Yagasaki,
A. Izumi, and H. Kunugi, “Glucocorticoid receptor interaction
with TrkB promotes BDNF-triggered PLC- signaling for gluta-
mate release via a glutamate transporter,” Proceedings of the
National Academy of Sciences, vol. 106, pp. 647–652, 2009.

[81] V. Begni, M. A. Riva, and A. Cattaneo, “Cellular and molecular
mechanisms of the brain-derived neurotrophic factor in phys-
iological and pathological conditions,” Clinical Science,
vol. 131, pp. 123–138, 2016.

[82] J. D. D. Gray, T. A. A. Milner, and B. S. S. McEwen, “Dynamic
plasticity: the role of glucocorticoids, brain-derived neuro-
trophic factor and other trophic factors,” Neuroscience,
vol. 239, pp. 214–227, 2013.

10 Disease Markers


	Circulating microRNAs and Molecular Oxidative Stress in Older Adults with Neuroprogression Disorders
	1. Introduction
	2. Materials and Methods
	2.1. Subjects
	2.2. Profile of Mood States (POMS)
	2.3. Assessment of Stress Hormones
	2.4. Assessment of Nitric Oxide Levels (NO)
	2.5. Real-Time RT-PCR Analysis of Circulating miRNAs and Antioxidant Genes
	2.5.1. Extraction of RNA and Synthesis of cDNA
	2.5.2. Real-Time RT-PCR Analysis
	2.5.3. Statistical Analysis


	3. Results
	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

