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Abstract

Background: There is accumulating evidence for a link between posttraumatic stress disorder (PTSD) and reduced health status for terror attack victims.

Objective: To assess the oxidants/ antioxidant status in patients with PTSD.
Patients and Methods: 70 Iraqi subjects (59 males, 11 females) witnessed on Alnasej Factory explosion occurred at 10th June 2010 in Hilla city of Iraq, as well as 35 apparently healthy persons served as a controls group (21 males, 14 females) were subjected to present study. Participants were grouped to four groups according to PTSD Checklist (PCL) scores. Antioxidant enzymes superoxide dismutase (SOD) catalase (CAT), glutathione peroxidase (GPx), reduced glutathione (GSH), and lipid peroxidation were determined using spectrophotometric methods 
 Results: The antioxidant enzymes activities, SOD, GPx, and peroxidation product MDA, found to be insignificantly increased in the present study, whereas, the antioxidant enzyme activity CAT and non-enzymatic antioxidant GSH showed an insignificant decreased in all groups of PTSD patients, when compared to control group. Also there are positive correlations between SOD, GPx and MDA, with severity of PTSD. Whereas; there is negative correlation between CAT and GSH with severity of PTSD.
Conclusion: Results may indicate an involvement of mild oxidative stress in the pathogenesis of PTSD due to active hypothalamic-pituitary-adrenal (HPA) axis and hypothalamic-pituitary-thyroid (HPT) axis.
† This paper is a part of a doctoral thesis and the work is still underway to complete the study.

Introduction:

T

he incidence of explosive injuries and suicide bombing has become frequent in Iraq after 2003 due to terrorist attacks which occurred throughout the country. The victims of terrorist attacks suffer from long term post traumatic symptoms and emotional distress in addition to their difficulties to re-adjust with normal living style and to cope with different types of social activities.

Posttraumatic stress disorder (PTSD)is an anxiety disorder involving both somatic and psychological symptoms that occur as a consequence to severe trauma. [1]
PTSD was defined in Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV) as an event that involves life endangerment, death, or serious injury or threat and is accompanied by feelings of intense fear, horror, or helplessness.[2]

The most common types of trauma reported that may lead to PTSD are witnessing someone being injured or killed, being involved in a natural disaster, and being involved in a life-threatening accident.[3]
The symptoms of PTSD described by DSM-IV involve: re-experience of the trauma, avoidance of thoughts and/or places associated with the traumatic event, enhanced vigilance and hyperarousal, sleep disturbances, and emotional numbling. This symptoms should be continued for more than 1 month.[4]. Symptoms that have been present for 1 to 3 months are termed acute, whereas those that persist beyond 3 months are considered chronic. The development of symptoms 6 months or more after the trauma is termed delayed onset.[2].
There are accumulative evidences that oxidative stress, which is defined as the imbalance between oxidants and antioxidants preferring the former, implicates in the pathogenesis of many disease, like atherosclerosis and cardiovascular diseases, diabetes mellitus, mutagenesis and cancer [5-7].
Reactive oxygen species or free radicals which produce oxidative stress result from metabolic and physiological processes, and harmful oxidative reactions that may occur in organisms and are removed via enzymatic and non-enzymatic antioxidative mechanisms. The increases in oxidants and decreases in antioxidants cannot be avoided, and the oxidative/antioxidative balance shifts towards the oxidative stress in more than 100 types of diseases [8-9].
Clinical and experimental studies have shown that oxidative stress participate in many psychiatric disorder which may lead to neuronal loss in cerebral ischemia and haemorrhage, also it may be involved in degeneration of neurons in normal aging [10], epilepsy [11], Parkinson's disease [12], Alzheimer's disease [13], and possibly in schizophrenia which is considered as a major psychiatric disorder.[14-16].

This study was designed to assess the oxidative stress associated with the pathogenesis of PTSD. To our knowledge, no previous study has been done in Iraqi population.
Superoxide dismutase, catalase, glutathione peroxidase, reduce glutathione, and lipid peroxidation were measured in the present study as an indicators of oxidative stress in patients with PTSD, as well as control group.   
Material and Methods
Patients

Seventy Iraqi subjects (59 males, 11 females) witnessed on so called Alnasej Factory explosion occurred at 10th June 2010 in Hilla city of Iraq. All these subjects were employees in the State Company for Textile Industries (Alnasej Factory), as well as thirty five subjects (21 males, 14 females) apparently healthy controls after asked them about their health as a control groups. 
Diagnosis of patients was made according to trained psychologist raters according to the DSM-IV criteria using the Structured Clinical Interview for DSM-IV and the Clinician Administered PTSD Scale (CAPS), and by use PTSD Checklist (PCL) scores self-reported. The PCL is a self-report questionnaire consisting of 17 DSM-IV PTSD symptoms. They are rated on a five-point scale ranging from “not at all” to “extremely.” Items are added to obtain a total score. The higher the score, the more symptoms are present. A cutoff score of 50 was used for this analysis to indicate PTSD status [17]. 
Participants were categorized to four groups according to PCL scores: >50 (A), 26-49 (B), 1-25 (C), and control group (D).
Blood Collection

Five milliliters of overnight fasting blood were drawn at 8:00-8:30 am and allowed to clot for 15 minutes. Serum was obtained by centrifuging for 10 minutes at a relative centrifugal force (RCF) 2000 x g.

Superoxide dismutase (SOD)
Superoxide dismutase was determined by use a simple and rapid method [18], based on the ability of the enzyme to inhibit the autoxidation of pyrogallol. The autoxidation of pyrogallol in the presence of EDTA in the pH 8.2 is 50%
SOD activities were expressed as units/ml. one unit of SOD activity being defined as amount of enzyme required to cause 50% inhibition of pyrogallol autoxidation [18].
Catalase (CAT) 

The catalase assay performed using spectrophotometric determination  of hydrogen peroxide which form stable  complex with ammonium  molybdate that absorbs at 405 nm[19]. One unit CAT decomposes 1 µmole of hydrogen peroxide/ l minute under assay conditions. CAT activities were expressed as kilo unit per liter (kU/l)
Glutathione peroxidase (GPx)
Total glutathione peroxidase was measured by the reaction of cumin hydroperoxide with glutathione (GSH) as the reducing substrate to form yellow color that is absorbed at 412 nm. [20]

Reduced Glutathione (GSH)
Serum GSH was determined by using a modified procedure utilizing Ellman’s reagent. 5,5´-Dithiobis (2-nitrobenzoic acid) (DTNB) is a disulfide chromogen that is readily reduced by sulfhydryl group of GSH to an intensely yellow compound. The absorbance of the reduced chromogen is measured at 412nm and is directly proportional to the GSH concentration. [21]
Lipid Peroxidation

Serum lipid peroxidation in the form of lipid peroxidation product malondialdehyde (MDA) was determined by the colorimetric thiobarbituric acid (TBA) method. Lipid peroxides break down to form MDA under acidic and heating conditions. The latter compound reacts with TBA to form pink complexes absorb maximally at 532 nm [22].

Statistical analysis

All values were expressed as mean ± standard deviation (SD). Student’s t-test was used to estimate differences between the groups and differences were considered significant at probability (p < 0.05).

Coefficient of variation percentage (CV) is used to express precision [23].

Results and Discussion

Results of present study were categorized to four groups according to PCL scores: > 50 (A), 26-49 (B), 1-25 (C), and control group (D) to show the effect of severity of PTSD symptoms. as shown in Table 1

Table 1 antioxidant and oxidative stress parameters in different groups of PTSD patients compared to control group. 
	MDA

(µM)
	GSH

(µM)
	GPx

(U/L)
	Catalase

(kiloU/L)
	SOD

(U/ml)
	Age

(years)
	

	6.81
	23.84
	244.36
	25.87
	2.80
	47.40
	Mean no.20

G A, PCL (> 50) 

	1.75
	8.96
	54.89
	7.32
	0.41
	6.19
	SD

	0.05
	0.09
	0.09
	0.33
	0.98
	0.01
	P

	25.74
	37.58
	22.46
	28.30
	14.54
	13.06
	CV%

	6.66
	23.96
	235.62
	27.73
	2.78
	44.96
	Mean no.26

G B, PCL (26-49) 

	3.29
	12.64
	52.47
	8.83
	0.36
	5.88
	SD

	0.16
	0.10
	0.30
	0.89
	0.82
	0.13
	P

	49.40
	52.75
	22.27
	31.85
	13.05
	13.07
	CV%

	5.73
	28.06
	232.40
	27.93
	2.74
	43.91
	Mean no. 24

G C, PCL (1-25)

	3.26
	12.43
	91.69
	8.33
	0.47
	4.99
	SD

	0.70
	0.73
	0.15
	0.44
	0.58
	0.33
	P

	56.91
	44.31
	39.45
	29.80
	17.21
	11.36
	CV%

	5.39
	29.25
	213.16
	28.03
	2.61
	42.40
	Mean no.35

G D,  (control)

	3.11
	12.20
	67.34
	7.25
	0.41
	2.96
	SD

	57.75
	41.71
	31.59
	25.85
	15.81
	6.99
	CV%


G= group, SD= standard deviation, P= probability, CV%= coefficient of variation percentage, no. =number of subjects, PCL= PTSD Checklist
The antioxidant enzymes activities, SOD, GPx, and lipid peroxidation product MDA, found to be increased in the present study, whereas, the antioxidant enzyme activity CAT and non-enzymatic antioxidant GSH were decreased in all groups of PTSD patients, when compared to control group, but this decreases or increases are insignificant. These findings are similar to those of Tezcan E. et al. 2003 [24]. In this study, we try to explain the correlation between oxidative stress and the pathogenesis of PTSD.
The neurobiology of PTSD exhibits amazing resemblances to that of major depression; however, PTSD defer as a stress-induced syndrome distinct from depression. In general, the studies of depression and PTSD have concentrated upon the two biological systems in stress-related research: the hypothalamic-pituitary-adrenal (HPA) axis and the catecholamine/sympathetic nervous system. Depression and PTSD are associated with hyperactivity of the two systems; but, PTSD shows the important dissimilarity of being associated with normal to low cortisol levels (hypocortisolaemia) in spite of hyper-secretion of corticotropin-releasing factor (CRF) [25, 26].      
High levels of cortisol that are secreted from the adrenal glands in response to a stressful situation have been related to neuronal damage which has been linked to the increased generation of reactive oxygen species (ROS) [27]. Increased ROS levels in the central nervous system (CNS) have been associated with the development of a number of neuropsychiatric diseases including depression [28].
PTSD pathophysiology may also involve dysfunction of the innate immune inflammatory system. PTSD patients have been found to exhibit increased concentrations of circulating inflammatory markers such as C-reactive protein and interleukin-6 (IL-6), suggesting dysfunction of the innate immune inflammatory system. Women with PTSD also shown increased necrosis factor-κB (NF-κB) pathway activity compared to controls and was positively correlated with PTSD severity. These findings suggest that enhanced inflammatory system activity in participants with PTSD is observable at the level of NF-κB, and that in general decreased immune cell glucocorticoid sensitivity may contribute to increased NF-κB pathway activity [29]. 
Researches on NF-κB from animal models suggest involvement of NF-κB in cerebral ischemia-reperfusion injury, response to neurotrauma, involved in the pathogenesis of human cerebral infarction, and Alzheimer dementia, the atherosclerotic inflammatory disorders associated with the human brain, and in generation of ROS [30].
On the other hand, there are accumulated evidences of an association between traumatic stress and the onset of clinical hyperthyroidism, a few of researches has been focused on hypothalamic-pituitary-thyroid (HPT) axis in PTSD. These studies have shown an increase in HPT axis activity in PTSD. Especially, the peripheral measurement of both the total and the free of triiodothyronine (T3) and thyroxine (T4) have revealed that these are elevated in PTSD patients. In addition, the elevations in T3 are disproportionately higher than those of T4, suggesting enhanced peripheral deiodination of T4 to the more biologically active T3 form of the hormone [31, 32].
Previous studies shown that thyroid hormone T3 calorigenesis in the rat involves higher rates of O2 consumption in the liver, with generation of ROS in hepatocytes and Kupffer cells and antioxidant depletion [33]. This enhancement of status of the oxidative stress of the liver, which is counted a mild redox alteration due to the deficiency of morphologic changes occurrence in parenchymal cell of liver, except Kupffer cells which undergo hyperplasia and hypertrophy [34] , was found to trigger the redox regulation of gene expression [33,35]. 
Since increased oxidative stress displays a strong correlation with activation of the immune system as well as a number of neuropsychiatric disorders, the antioxidant effects seem to be mediated through direct quenching of ROS by increase the gene expression of major antioxidant enzymes [36].
The insignificant increase in the antioxidant enzymes activities, SOD and GPx, and oxidation product MDA, and the insignificant decrease in the antioxidant enzyme activity CAT and the non-enzymatic antioxidant GSH, in the present study, may be attributed to the active HPA axis and HPT axis in PTSD patients [26, 31].
This pattern of alteration in levels of oxidant /antioxidant parameters (but with significant differences) has been shown in patients with thalassemia [37,38], diabetes mellitus [39] and urolithiasis [40]; a diseases characterized by increased oxidative stress.  

Also there are positive correlations between antioxidant enzymes activities SOD, GPx and MDA, with severity of PTSD. Whereas, there is negative correlation between antioxidant enzyme CAT, non-enzymatic antioxidant GSH with severity of PTSD. This correlation may support our finding postulation of involvement of mild oxidative stress in the pathogenesis of PTSD. Figure 1-5. 
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Figure 1 the correlation between SOD activities and PCL ( r = 0.18)
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Figure 2 the correlation between GPx activities and PCL (r=0.1166)
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Figure 3 the correlation between MDA and PCL (r= 0.2319)
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Figure 4 the correlation between CAT activities and PCL (r= 0.0806)
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Figure 5 the correlation between GSH and PCL (r=0.1964). Note: points on zero x axes seem to be less than the real number due to equated values.
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