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Op cess

Abstract

Imbalance between the production and removal of reactive oxygen species (ROS) has been used
for characterizing Oxidative stress. Extra amount of ROS are hazardous and can lead damages to
the cells resulting in harsh diseases. For cancer, diabetes, psychological disorders and age-related
disorders, latent of ROS in induction of alteration and DNA harm is a critical factor. Regarding
these finding, the current research was planned to test the relationship between cognitive neu-
ropsychological state and oxidative markers and genotoxicity in radiology staff. Total Number of
47 radiology staff, working in the radiology center of a referral University Hospital in Shiraz, were
invited in the study. The participants were occupationally exposed to low-dose ionizing radiation
(x-ray) for more than 2 years. Psychological disorder was analyzed by SCL-90-R. In the plasma, li-
pid peroxidation, DNA harm, catalase, superoxide dismutase, myeloperoxidase, and glutathione
peroxidase activity were calculated. Associations between parameters were measured by using
Pearson correlation coefficient and multivariate linear regression analyses. As a result, there was
a positive considerable connection between catalase and paranoid ideation, Obsessive-Compul-
sive, Anxiety and total. Furthermore, the correlation between psychoticism, Interpersonal Sensi-
tivity, Paranoid Ideation and DNA damage was positive. There were positive relationships be-
tween superoxide dismutase and psychomotor speed, initiative/energy, selective attention and
verbal memory. So, there were significant relationships among interpersonal sensitivity, somati-
zation, depression and gender. But, there were no major relationships among psychological dis-
tress, history workers and oxidative stress. In so many words, Oxidative stress and genotoxicity
result in psychological disorders in radiology staff. So, radiology staff should have more attention,
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as they suffered from some psychological disorders.
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1. Introduction

It would be mentioned that when there is no balance between the production of free radicals and reactive oxygen
species (ROS), oxidative stress is created and antioxidant defense system is consisted of antioxidant enzymes like
superoxide dismutase of copper, zinc and, manganese, and small molecule antioxidants such as glutathione, vi-
tamin E and vitamin C. Some free radicals such as nitrogen reactive species (RNS) and reactive oxygen species
(ROS) lead oxidative damage to RNA DNA lipids and proteins [1].

A lot of studies propose the effect of oxidative stress on people’s health, because it can cause diabetes, cancer,
Parkinson’s disease and cardiovascular diseases [2]-[4]. In fact, as oxidative stress is one of reasons in hurting to
brain, so many researchers were moved to survey the cognitive and psychological troubles of groups who are at
risk. As a reason, consuming a lot of oxygen by brain, as well as, the extensive amounts of iron and copper cat-
alyzes free radical reactions.

As a matter of fact, utilizing oxygen in people at risk raised to 1.5 times and approximately 2% of the oxygen
is changed tore active oxygen species (ROS), this oxygen is used by cells in the procedure of oxidative phos-
phorylation [5].

Through the disturbance in brain’s operation and as a result of reduced antioxidant defense against lipid per
oxidation and oxidative stress, improved oxidative stress can cause mental disorders.

Oxidative stress can cause to some diseases and disorders as DSM-IV-TR diagnostic criteria has mentioned:
delusional disorders, mental retardation, autistic disorder, attention deficit, hyperactivity, delirium, dementia,
disorders related to alcohol, opioid-related disorders, sexual impotence, amphetamines (or amphetamine-like)
related disorders, sleep disorders, nicotine dependence disorders, schizophrenia, mood disorders, anxiety dis-
orders and eating disorders [6]. In other word, many researchers reported the impacts of oxidative stress on each
psychological disorder. For instance, major depressive disorder (MDD) is one of the results of raised lipid pe-
roxidation [7] [8] and based on an investigation by Sarandol et al. (2007), whose signs had still remained in pa-
tients until six weeks of curing [9].

Moreover, in bipolar disorder (BD) due to producing extremes (ROS) such as hydroxyl radicals and by harm-
ing DNA structure, oxidative stress has played a major role [10]. Some studies indicated that many anxiety dis-
orders like: social phobia (SP), symptoms of severe anxiety, obsessive-compulsive disorder (OCD), frustration
and the indiscriminate use of alcohol has been created by enlarged level so f lipid peroxidation [11]-[14].

In one study by for Lenza and Miller (2006) reviewed that DNA damage can lead to anxiety disorders [15].
Another disease which can be created by oxidative stress is Autism. In comparative study on two groups of au-
tistic patients and control groups, result has been revealed that in autistic patients, decline in the level of endo-
genous antioxidants and mitochondrial dysfunction were more than control groups [16] [17].

On the other hand, cognitive dysfunction and reduced antioxidant capacity have good correlation with each
other. One of risk factors for cognitive impairment can be antioxidant deficiency or enlarged levels of oxida-
tive stress. To be honest, one of main cognitive results of oxidative stress and diminish the cognitive function is
Alzheimer’s disease [18]. Job stress as one of various types of psychological stress can raise symptoms of men-
tal disorders. Gil et al. (2002) detected that premature aging can be created as a result of relationship between
oxidative stress and psychological stress [19].

After pointing to some researchers in oxidative stress [1] and the effect of medicinal plants on oxidative stress in
radiology staff [2] [4], researchers would like to conduct a research on the interaction between oxidative stress and
cognitive neuropsychological disorders. So the main purpose of this study is to distinguish the relationship be-
tween cognitive neuropsychological state and oxidative markers and genotoxicity in radiology staff.

2. Materials and Methods

The materials which were applied in this research are as follow: Tris base, tetraethoxy propane (MDA),
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2-thiobarbituric acid (TBA), trichloroacetic acid (TCA), n-butanol, dithiobis-2-nitrobenzoic acid (DTNB), 2,4,6-
tripyridyl-striazine (TPTZ) from Sigma-Aldrich Chemie (Gmbh Munich, Germany), HNO;, H,SO,4, HCL, NaCl,
PdCl, from Merck Chemical Co. (Darmstadt, Germany), and ELISA kits for oxidative stress biomarkers and
DNA damage from Cayman Chemical Co. (Michigan, USA).

3. Subjects

The initial sample of this study consisted of 47 subjects and they were 19 males and 28 females. Before starting
the study, all participants gave informed consent and the agreement of the study protocol by the Institute Review
Committee. It is worth mentioning that the participants were consisted of 47 Shiraz hospital employees of Radi-
ology staff in 2013. The necessary criteria included: there should not any experience in taking drugs, smoking,
alcohol, antioxidants. On the other hand; they shouldn’t have special diseases such as cancer, diabetes, cardi-
ovascular, thyroid disorder and respiratory disorders.

Another certain situation for participant was that they had more than two years of work experience. So, they
informed orally and in written form about the purpose of this test. In this time, they announced their agreement
for taking part in this study. During the investigation due to questionnaire, was reveal that any of staff employed
in the Department of Radiology had not been occupationally exposed to any other destructive agents except the
risk of radiation and in the 12 months prior to the study. Therefore, the result indicated that they had no history
of radiation assisted diagnosis and radiation therapy. The percent consumption of alcohol, specific drugs, ciga-
rettes and other tobacco products was zero and all of them were healthy. Through Scl90 and Cogpnitive neurop-
sychological impairment which were assessed by SNI questionnaire, psychological distress and psychological
symptoms had been analyzed.

By employing nine primary symptom dimensions and three summary scores termed global scores, the SCL-90-
R evaluated psychological distress.

Somatization (SOM), Obsessive-Compulsive (OBS), Hostility (HOS), Interpersonal Sensitivity (INT), De-
pression (DEP), Psychoticism (PSY) Anxiety (ANX), Phobic Anxiety (PHOB), Paranoid Ideation (PAR), and
were labeled as principal symptom.

The Global Severity Index (GSI), the Positive Symptom Distress Index (PSDI), and the Positive Symptom To-
tal (PST) were as global measures [20] [21].

In order to identify high-risk subjects for neurocognitive impairment, the Iranian version of the SNI was used
[22]. The SNI composed of seventy-six pieces which has regarding on daily memory and attention glitches is the
self-report questionnaire. Appling this questionnaire helps to distinguish self-experienced deficits of attention [23]
[24].

4. Assay of Oxidative Stress Markers

As DNA damage and glutathione peroxidase (GPX) were analyzed and searched in our previous study by means
of ELISA Kkits, the activities of superoxide dismutase (SOD), 8-hydroxy-2-deoxy guano sine (8-OH-dG), catalase
(CAT) and meyleoperoxidase [MPO]were measured [2]. TBA test was applied [25]. For the measuring of lipid
peroxidation TBA test was applied [25]. The total antioxidant capacity (TAC) was measured in order to analyze
the capability of plasma in declining Fe** to Fe®* by existing TPTZ. So, Fe**-TPTZ is absorbed as blue complex at
593 nm [26]. Through estimating the plasma total thiol molecules (TTM) DTNB has been used. DTNB forms a
yellow complex which has well absorbance at 412 nm [27].

For surviving in the association between variables, Pearson coefficient was used. Data were accessible as mean
+ SD. p values lower than 0.05 were considered statistically significant. Stats Direct 2.7.9 was used to analyze
data.

5. Results

As indicated in Table 1 has shown that average levels of subject’s ages, sex and years of exposure. Data analy-
sis revealed a major positive relationship between CAT in one hand and OBS (R = 0.337, p = 0.025), ANX (R =
0.345, p = 0.018), PAR (R = 0.375, p = 0.009) and total (R = 0.326, p = 0.020) on the other hand. In addition,
the correlation between 8-OH-dG on one side and INT (R = 0.364, p = 0.012), PAR (R = 0.305, p = 0.037) and
PSY (R = 0.389, p = 0.007) on the other side were positive as, reader can observe in Table 2. Table 3 has re-
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Table 1. The result of demographic data in workers.

Age (years) Sex Work history (year) Exposure history (year)
Workers 28.57 £6.59 47 (19 male; 28 female) 9.77+£7.19 12.40 £ 10.45

Data represent mean + SD.

Table 2. The correlation between oxidative stress markers and psychological distress in radiology staff.

3% B9g BpI BSg B s s__ 338 _
®3 837 RIE =8 I 87 o83 £Es Rs @233
= +E 9 =] + 2 = = ﬂgz.g + 25 + 9 is oo
o oz % o<4 o3 o8 o £,;85 9o5oa o3 Lax
~N = o3 NF S ~N o N< o< < NS & =@ = H
(]
Es I E=2 == D = 2 £ 3
© 4I§F1—01 81 R=0.042 R=-0.015 R=-0.177 R=-0.089 R=-0.026 R=0.102 R=-0.0306 R=-0.016 R=0.060 R =-0.032
“aM) . P=0780 p=0920 p=0234 p=0554 p=0861 p=0493 p=0843 p=0917 p=0687 p=0831
7 QIZIE% 6 R=-0.005 R=-0.148 R=-0.241 R=-0.182 R=-0.134 R=0.015 R=-0.208 R=-0.164 R=-0.252R =-0.158
“uvy . P=0971 p=032 p=0102 p=0221 p=0367 p=0921 p=0161 p=0271 p=0087 p=0289
© SSSC_:_DO 29 R=0250 R=0.173 R=0130 R=023 R=0212 R=0.146 R=0.145 R=-0.055 R=0.193 R=0.203
Ulmg protein) P=0.091 P=0245 p=0383 p=01l1 p=0153 p=0328 p=0330 p=0711 p=0194 p=0172
(29%'8\1 17 R=0.263 R=0.337 R=0203 R=0260 R=0.345 R=0.258 R=0.221 R=0.375 R=0.281 R=0.326
molimg protein) P = 0074 P=0020" p=0171 p=0078 p=0018" p=0080 p=0136 p=0009" p=0055 p=0.025
Z?F&g? R=0228 R=0214 R=0364 R=0.175 R=0206 R=0.099 R=0225 R=0.305 R=0.389 R=0.280
50.67 pgmL) P=0123 P=0148 p=0012" p=0239 p=0164 p=0509 p=0128 p=0037" p=0007" p=0056
GPx

(100.36 +23.66 R=0.073 R=-0.081 R=0.162 R=0.058 R=0.048 R=-0.111 R=0210 R=0.038 R=0.203 R=0.085
nmol/mg 0626 p=0588 p=0275 p=0697 p=0.746 p=0457 p=0.157 p=08 p=0170 0.572
protein)

Data represent mean + SD. “p < 0.05.

Table 3. The correlation between oxidative stress markers and neurocognitive impairment in radiology staff.
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protein)
CAT
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Data represent mean + SD. “p < 0.05.
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ported a positive correlation between SOD on one side and PS (R = 0.544, p = 0.000), IE (R = 0.434, p = 0.005),
SA (R =0.397, p=0.011) and VM (R = 0.502, p = 0.001) on the other side. There are not relationship between
exposure history and psychological and cognitive state in workers (Table 4). However, the SOM, INT, DEP and
PHOB were considerably different in male and female workers (see Table 5). At last, Table 6 has shown that
the verbal memory (VM), nonverbal memory (NVM), prospective memory (PM) and total were significantly
different in both male and female workers and no significant different in psychomotor speed (PS), selective at-
tention (SA), divided attention (DA), spatial functioning (SF) and initiative/energy (IE).

6. Discussion

Findings of present study vividly showed a salient difference between male and female workers in symptoms of
psychological disorders. Also there is positive correlationship between oxidative stress and cognitive neurop-
sychological disorders. These results are related to the conclusion of other researches done on the psychological
disorders due to oxidative stress, for example, [6]-[19] [22] [28].

In other word, some studies have mentioned that exposure to radiation is as a reason of brain and cognitive
disorders.

Animals and humans have a lot of problems because of exposure to radiation such as: neuronal inflammation,
apoptosis, reduced oligodendrocytes and myelin sheath, damage to neurons [29] [30], down-regulation of neural
pathways in mice [31], cognitive disorders caused by micro environmental factors including oxidative stress and
inflammation [32], psychological stress [33] and emotional stress [34]. In some patients who cured with radio
therapy, memory deficits [35], depression [36]. Social and psychological disorders [37] can be observed. This
damage can be explained in different ways as follow.

Table 4. The relationship between exposure history and psychological and cognitive state in workers.

Obsessive- Interpersonal Phobic Paranoid
Compulsive Sensitivity Anxiety Ideation

Work R=0221 R=-0199 R=-0004 R=0048 R=0004 R=-0021 R=0052 R=009 R=-0081 R=0033
History p=0.136 p=0179 p=0980 p=0751 p=0.977 p=0886 p=0727 p=0521 p=0590 p=0.823

Somatization Depression  Anxiety  Hostility Psychoticism TOTAL

PS IE SA DA NVM PM VM SF Total
Work R=-0168 R=-0.099 R=-0116 R=-0057 R=-0.114 R=-0.117 R=-0.305 R =-0.211 R=-0.188
History p=0.3  p=0541 p=0476 p=0727 p=0.485 p=0470 p=0.056 p=0.191 p=0.245

Table 5. The status of psychological distress in male and female staff.

Obsessive- Interpersonal Phobic Paranoid
Compulsive Sensitivity Anxiety  Ideation

Male 0.59+0.64 0.84+0.64 0.53+3.77 0.62+0.57 0.53+0.58 0.65+0.66 0.43 +0.46 0.84+0.82 0.41+0.51 55.42 +45.25
Female 1+0.70 11+0.73 1.04x0.73 1.03+0.75 0.94+0.77 0.69+ 057 0.77+0.61 1.24+0.70 0.75+0.63 88.04 +51.52

Group Somatization Depression Anxiety  Hostility Psychoticism Total

p Value  0.042" 0.220 0.013" 0.049" 0.052 0.835 0.044" 0.079 0.057 0.030"
df 1 1 1 1 1 1 1 1 1 1
F 4.36 154 6.73 41 4 0.044 43 3.24 381 5

Data represent mean + SD. “p < 0.05.

Table 6. The status of cognitive function in male and female staff.

Group PS SA DA VM NVM PM SF IE Total
Male 29.94+3.98 38.64+7.82 16.76+254 3324+517 17.76 +254 31.29+757 2224+4.94 41.64+7.39310.76 + 39.93
Female 28.26+297 34.78+6.09 16.87+2.05 29.35+529 15.30+2.64 26.65+3.86 21.65+2.40 39.65+5.33287.17 + 32.59

p Value 0.134 0.087 0.886 0.026" 0.005" 0.015" 0.624 0.327 0.047"
df 1 1 1 1 1 1 1 1 1
F 2.34 3.09 0.021 5.39 9 6.43 0.244 0.986 4.23

PS: psychomotor speed; SA: selective attention; DA: divided attention; VM: verbal memory; NVM: nonverbal memory; PM: prospective memory;
SF: spatial functioning; I/E: initiative/energy. Data represent mean + SD. p < 0.05.
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Firstly, the limbic system that has duty for creating and understanding emotion since human consume more
oxygen in this part of brain than others. As a result, high oxygen burning up raised the defenselessness to free
radicals such as ROS. Secondly, free radicals will impact on neurotransmitters’ in addition to damaging cell
structures like mitochondria. Psychological activities can be controlled by most of neurotransmitters straightly.
As an example, the chemical activity which produced from improved ROS can reduce serotonin and this may
finish in depression. Thirdly the genetic constitution can cause to hurt. For example, if amygdala as a gene
HTT-5 that is responsible for controlling the activity of brain has been damaged, it will cause autism signs and
social prevention. When symptoms of autism, severe anxiety and social phobia have been found, this presuppo-
sition is established.

It is worth mentioning that the subjects have chosen from hospital staff. Thus, the effects of other matters, in-
cluding burn-out symptoms are not negligible. Job stress can create exhaustion, so it may make psychological
symptoms worse. It can be imagined that the harm produced by oxidative stress accompany with job exhaustion
cause mental disorders. Nutrition as one of environmental factors among hospital staff may be associated to
oxidative stress and psychological factors. Furthermore, the influence of contextual factors in mental illnesses
cannot be ignored.

The researchers noted that a holistic view should be taken into account in future research in order to study the
relations of all the factors involved. The stability of these damages during time would be recommended. All in
all, finding a moderating factor in the harsh effects of free radical son mental diseases may cause to realizing
new interventions to improve patient care.
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Abbreviation

Reactive Oxygen Species (ROS)
Nitrogen Reactive Species (RNS)
Bipolar Disorder (BD)

Social Phobia (SP)
Obsessive-Compulsive Disorder (OCD)
Tris Base, Tetraethoxy Propane (MDA)
2-Thiobarbituric Acid (TBA)
Trichloroacetic Acid (TCA)
Dithiobis-2-Nitrobenzoic Acid (DTNB)
2,4,6-Tripyridyl-Striazine (TPTZ)
Somatization (SOM)
Obsessive-Compulsive (OBS)

Hostility (HOS)

Interpersonal Sensitivity (INT)
Depression (DEP)

Psychoticism (PSY)

Anxiety (ANX)

Phobic Anxiety (PHOB)

Paranoid Ideation (PAR)

Global Severity Index (GSI)

Positive Symptom Distress Index (PSDI)
Positive Symptom Total (PST)
Glutathione Peroxidase (GPX)
Superoxide Dismutase (SOD)
8-Hydroxy-2-Deoxy Guano Sine (8-OH-dG)
Catalase (CAT)

Meyleoperoxidase (MPQ)

Lipid Peroxidation (LPO)

Total Antioxidant Capacity (TAC)
Total Thiol Molecules (TTM)

Verbal Memory (VM)

Nonverbal Memory (NVM)
Prospective Memory (PM)
Psychomotor Speed (PS)

Selective Attention (SA)

Divided Attention (DA)

Spatial Functioning (SF)
Initiative/Energy (IE)
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