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Abstract

Post-Traumatic Stress Disorder (PTSD) is a complex psychiatric 
disorder caused by sudden exposure to a single or repeated 
traumatic events. The major symptoms include flashbacks, 
nightmares, hyperarousal, depression, substance abuse, suicidal 
tendencies, impaired learning ability, and cognitive dysfunction. 
In 2023, the prevalence of PTSD was 6.8% among civilian, while 
it was 7% among veterans. In 2018, total national cost for the 
treatment of PTSD patients was $232.2 billion. Poor diet and 
lifestyle and enhanced exposure to environmental toxins aggravate 
the symptoms. Internal stressors causing PTSD include increased 
oxidative stress, chronic inflammation, intestinal dysbiosis, loss of 
collagen, dysfunctional omega 3, and excessive release of glutamate. 
Proposed preventive recommendations include consuming healthy 
diet and lifestyle, reducing excessive consumption of fat, sugar, 
alcohol, and caffeine, increasing social interaction, and physical 
and mental exercises, reducing exposure to environmental toxins. 
In addition, supplementation with a micronutrient mixture for 
reducing oxidative stress and chronic inflammation, probiotics with 
prebiotics for reversing the harmful effects of intestinal dysbiosis, 
collagen peptides for restoring the loss of collagen, omega 3 for 
replacing dysfunctional oxidized omega 3, and CBD to improve the 
levels of serotonin and dopamine, reduce the release of glutamate. 
The current treatments of PTSD focus on the symptoms of the 
diseases and not its causes. Psychotherapies are considered gold 
standard for PTSD treatment, but they produce serious adverse side-
effects. Medications include selective serotonin reuptake inhibitors 
for reducing anxiety and depression, Prazosin for improving PTSD-
related sleep disturbance. These drugs cause adverse side-effects. 
Combining current therapies with the proposed prevention plan 
would markedly improve the symptoms of PTSD and reduce the 
progression of this disease.

Keywords: Oxidative stress; Chronic inflammation; PTSD; 
Prevention; Improved treatment.
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Introduction

Post-Traumatic Stress Disorder (PTSD) is a complex mental 
disease exhibiting psychiatric disorders that can happen after 
exposure to a single or repeated traumatic events. The symp-
toms of PTSD include unwanted reexperiencing of traumatic 
events (flashbacks, nightmares, and triggered emotional re-
sponses), passive and active avoidance of discussions of the 
traumatic events, hyperarousal, psychiatric disorders including 
depression, anxiety, substance abuse, suicidal tendencies, im-
paired learning ability, and cognitive dysfunction [1-3]. These 
symptoms may lead to impairment of the ability to function in 
social or family life and can lead to marital stress, and occu-
pational instability. Some PTSD symptoms overlap with other 
diseases including chronic fatigue syndrome, fibromyalgia, and 
multiple chemical sensitivities [1].

 External and internal stressors are major contributors to the 
initiation and progression of PTSD. Any effective prevention and 
improved treatment plan must attenuate both stressors. 

There is no effective preventive strategy for PTSD because 
many external stressors which induce PTSD are beyond any one 
control; however, an effective preventive strategy can be imple-
mented in troops being sent to combat zones. In most cases, 
the symptoms of PTSD appear within 3 months after the ex-
posure to traumatic events, but in some cases, it might take a 
year or more. Thus, an effective proposed preventive plan can 
be implemented among civilian or troops soon after exposure 
to traumatic events.

The current treatments for PTSD focus on improving the 
symptoms of the disease, and not its causes. They improve 
some symptoms of PTSD but produce adverse side effects. 
Combining current treatments with the proposed prevention 
plan to attenuate causes of PTSD by natural products may mark-
edly improve effectiveness of therapies and reduce the progres-
sion of the disease.

This review briefly describes prevalence, cost, symptoms, 
neuropathology of the brain, external and internal stressors 
that participate in the development and progression of PTSD. 
It also proposes novel plans for prevention and improved treat-
ment of PTSD by using natural products.

Prevalence of PSTD in the USA

The prevalence of PTSD in adult population depends upon 
gender, age, and war zone. In 2023, 3.6% of adults had PTSD. Fe-
males were more sensitive than males. 5.2% females had PTSD, 
whereas only 1.8% of males had PTSD. Lifetime prevalence of 
PTSD was 6.8%. Serious impairment of PTSD symptoms was 
observed among 36.6% of cases, 33.1% showed moderate and 
30.2% revealed mild level.

In 2023, individuals aged 18-29 years had 4%, aged 30-44 
years had 3.5%, aged 40-60 year had 5.3%, and aged 60 years 
and over had 1.0% PTSD (Data are taken from The NIH National 
Institute of Mental Health, 2024).

Among veterans, lifetime prevalence of PTSD was 7%. Fe-
males were more sensitive than males in developing symptoms. 
It is evident by the data which show that 13% of females devel-
oped PTSD symptoms, whereas only 6% of men acquired such 
symptoms. In 2023, 11% of females had PTSD, whereas only 5% 
of males developed it. The prevalence of PTSD among Veter-
ans aged 18-29 years was 15%, it was 10% among aged 30-44 
years, it was 9% among aged 45-64 years, and it was only 4% 

among aged 65 years. The prevalence of PTSD among veterans 
depends on the length of stay in war zone. For example, among 
Vietnam veterans, lifetime prevalence was 15% in females and 
17% in men. The data were taken from the US Department of 
Veterans Affairs, Vietnam veterans 2024).

Cost of treatment of PTSD

In 2018, total cost treatment of PTSD patients was $232.2 
billion ($19, 630 per individual). It was $189.5 billion for civilian 
with PTSD ($18,640 per individual) and $42.7 billion for military 
population with PTSD ($25,684 per military personal) [4].

Symptoms of PTSD

The symptoms of PTSD often appear within 3 months of the 
exposure to traumatic stressors, and they include unwanted re-
experiencing of the trauma in memory (flashbacks, nightmares, 
triggered emotional responses), passive and active avoidance 
(emotional numbing, avoidance of discussions about the trau-
matic event), and hyperarousal [5,6]. In addition, PTSD is usually 
accompanied by other psychiatric and medical comorbidities, 
including depression, substance abuse, cognitive dysfunction, 
and other problems of physical and mental health [7,8]. These 
problems may lead to impairment of the ability to function in 
social or family life, including occupational instability, marital 
stress and family problems. Some of the symptoms of PTSD 
overlap with other diseases including chronic fatigue syndrome, 
fibromyalgia, and multiple chemical sensitivities [9]. The sever-
ity in Obstructive Sleep Apnea (OSA) was directly related to sui-
cidal tendency in PTSD patients. Depression was considered a 
mediator of the association between Respiratory Disturbance 
Index (RDI) and suicidal tendency [10].

Brain pathology associated with PTSD symptoms

The neuropathology of PTSD patients is not well defined, 
possibly due to the lack of sufficient autopsied brain tissues. 
MRI (magnetic resonance imaging) of the brain of PTSD patients 
revealed the following changes: (a) reduced volume of the hip-
pocampus [11-13] which may account for cognitive dysfunction. 
Alcohol consumption accelerates reduction in the hippocampus 
volume in PTSD patients [14], (b) Reduced cerebellar volume 
was associated with mood changes, depression, and anxiety in 
patients with PTSD, whereas reduction in volume of the vermis 
was associated with an early traumatic life experience which 
may be considered a risk factor for future development of PTSD 
[15], (c) accelerated brain atrophy in the brain stem, frontal and 
temporal lobes was associated with increased severity of the 
PTSD symptoms [16]. In addition, it was observed that greater 
rates of brain atrophy were associated with greater rates of 
decline in verbal memory and delayed facial recognition. The 
atrophy of the frontal and limbic cortices was associated with 
the severity of the PTSD symptom, and (d) reduced gray matter 
volume in the left anterior cingulate cortex was associated with 
the development of PTSD, whereas reduction of gray matter vol-
ume in the right pulvinar and left pallidus was associated with 
severe trauma without PTSD [17]. MRI study on the brains of 
twins revealed that significant reduction in gray matter volume 
occurred in four brain regions: right hippocampus, pregenual 
anterior cingulate cortex, and left and right insulae in twins with 
PTSD compared to that in twins without PTSD [18]. A review of 
9 studies revealed that reduction in gray matter in the anterior 
cingulate cortex, ventromedial prefrontal cortex, left temporal 
pole/middle temporal gyrus, and left hippocampus occurred in 
PTSD patients compared to individuals exposed to trauma with-
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out PTSD [19]. Furthermore,

(a)	Reduction in volume of Anterior Cingulate Cortex, which is 
involved in cognitive, emotional, and autonomic functions, 
contributes to the development of PTSD [20] and in volume 
of cerebellum which is involved in fear perception, anticipa-
tion, and recollection, mood change, anxiety, and other PTSD 
symptoms, whereas reduction in volume of the vermis was 
associated with an early traumatic life experience, and may 
be considered a risk factor for future development of PTSD 
[15]. Decreased volume of the left amygdala, right amygda-
la, and left hippocampus was present in PTSD patients com-
pared to trauma-exposed individuals without PTSD; how-
ever, the volume of right hippocampus was not reduced in 
patients with PTSD [21].

(b)	Reduction in volume of the middle temporal and inferior oc-
cipital cortices was associated with greater re-experiencing 
score, whereas reduced volume of the insula/parietal oper-
culum and inferior temporal gyrus predicted flashback symp-
toms in patients with PTSD [22,23].

External stressors causing PTSD

External stressors which cause PTSD include exposure to 
sudden or repeated traumatic events, such as war, terrorism, 
natural or human-caused disaster. In addition, individuals who 
experience a violent personal assault, such as rape, mugging, 
domestic violence, sudden death of a family member, accidents, 
and sustained mild traumatic brain injury [24,25]. There is also a 
strong direct relationship between mild Traumatic Brain Injury 
(TBI) and PTSD [24,25]. Approximately, 17.6 percent PTSD can 
develop from mild to severe TBI [26]. External stressors which 
aggravate PTSD symptoms include poor diet, and lifestyle [27]. 
Exposure to poor environment also can aggravate the symp-
toms of mental health associated with PTSD [28].

Internal stressors causing PTSD

Increased oxidative stress

One of the earliest internal stressors induced by the external 
stressors is increased oxidative stress in PTSD because excess 
free radicals generated by external stressors overtakes antioxi-
dant system against free radicals causing increased oxidative 
stress. Evidence for the involvement of increased oxidative 
stress in PISD is presents here.

Human studies

One of earliest internal stressors induced by external stress-
ors is increased oxidative stress which participates in the devel-
opment and progression of PTSD including psychiatric disorders 
[29]. Stress evokes a sustained increase in Nitric Oxide Synthase 
(NOS) activity that can generate excessive amounts of nitric ox-
ide [30,31]. Oxidation of nitric oxide produces preroxynitrite, 
which is very toxic to nerve cells [32], Platelet monoamine oxi-
dase, which generates excessive amounts of free radicals while 
degrading catecholamines, is also elevated in patients with 
PTSD [33]. This is further confirmed by the fact that depletion 
of catecholamines has been observed in patients with PTSD 
[34]. The levels of serum Paraoxonase-1 (PON-1) enzyme ac-
tivity were lower and those of Malondialdehyde (MDA) were 
higher in PTSD patients who survived an earthquake compared 
to those earthquake survivors who did not develop this disease. 
This study suggests that increased oxidative stress is associated 
with the development of PTSD [23].

Animal studies

The levels of Reactive Oxygen Species (ROS) and proinflam-
matory cytokines were increased in an animal model of PTSD. 
Treatment with valproic acid, an inhibitor of histone deacety-
lase, normalized these biochemical defects, decreased anxiety, 
and restored the levels of neurotransmitters such as catechol-
amines and serotonin [35]. In rat model of PTSD, the levels of 
oxidative stress and inflammatory cytokines were elevated in 
the brain (hippocampus, amygdala, and prefrontal cortex), 
adrenal glands, and whole blood, suggesting that damage to 
multiple organs were involved in the progression of PTSD [36]. 
Exposure to enriched environment reversed behavioral impair-
ments (anxiety-like behavior, enhanced fear learning behavior, 
and spatial memory deficits) by reducing oxidative stress in 
the hippocampus and pre-frontal cortex [37]. Treatment with 
apocynin, a methoxy-substituted catechol, an inhibitor of NOX2 
(nicotinamide adenosine dinucleotide phosphate NADPH-2) 
that produces free radicals, reduced the levels of markers of 
oxidative stress (malondialdehyde, NOX2, and 4-hydroxynon-
enal) and proinflammatory cytokine IL-6 in the hippocampus of 
rat model of PTSD [38]. Both human and animal investigations 
suggest that attenuation of oxidative stress appears to be one 
of the rational choices for reducing the risk of onset and pro-
gression of PTSD.

Chronic inflammation in PTSD

If oxidative damage to cells is not fully repaired, chronic in-
flammation sets in motion. Increased oxidative stress also pro-
duces chronic inflammation in the brain by activating microglia. 
The levels of markers of chronic inflammation such as Interleu-
kin-6 (IL-6) [39], and IL-6 receptors [40], Tumor Necrosis Factor-
alpha (TNF-alpha) and IL-1beta were elevated in patients with 
PTSD in comparison to control subjects [41]. The levels of CRP 
and IL-6 receptors were elevated in patients with PTSD [42]. 
Increased levels of chronic inflammation may also contribute 
to the cognitive dysfunctions commonly observed in patients 
with PTSD. Elevated levels of neuroinflammation were repeat-
edly observed in patients with PTSD [43,44]. Activated glia that 
release proinflammatory cytokines are found in patients with 
PTSD [39,40]. The prevalence of chronic pain is high among pa-
tients with PTSD.

Other internal stressors contributing to PTSD

In addition to increased oxidative stress and chronic inflam-
mation, other internal stressors such as intestinal dysbiosis, 
loss of collagen, dysfunctional omega 3, and reduced levels of 
serotonin and dopamine in neurons, and increased glutamate 
release and deceased release of Gamma-Aminobutyric Acid 
(GABA) participate in the initiation and progression of PTSD. 
They are briefly described here.

Intestinal dysbiosis in PTSD

Intestinal dysbiosis refers to increase in the number of harm-
ful bacteria and decline in the number of beneficial bacteria in 
the gut. It is one of the interna stressors which contributes to 
the development and progression of PTSD by enhancing the 
levels of markers of chronic inflammation [45]. Several review 
articles have concluded that there is a direct link between in-
testinal dysbiosis and PTSD [46]. The patients with PTSD show 
enhanced inflammation and markers of proinflammatory cyto-
kines [47] which could have happened because of existence of 
intestinal dysbiosis. Therefore, supplementation with probiot-
ics with prebiotics may slow down the rate of progression of 
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PTSD symptoms by reversing the harmful effects of intestinal 
dysbiosis.

Loss of collagen in PTSD

Collagen represents approximately 30 % of total body pro-
teins is present in all organs. There are 28 different types of col-
lagens. One of the major functions of collagen is to maintain 
structural and functional integrity of all organs. Any alteration in 
the structure of the brain could alter its fucntion. This was dem-
onstrated in a clinical study in which 26 men and 4 women aged 
49-63 years (mean age 56.1+/- 3.6 years) were recruited. They 
received 5 g of collagen hydrolysate for 4 weeks. The structure 
of the brain was determined by MRI and function of the brain 
was determined by known techniques. The results showed that 
oral consumption of collagen hydrolysate for 4 weeks improved 
the structure of the brain as well as cognitive language ability 
[48]. Several studies have reported that the ingestion of Col-
lagen Hydrolysate (CH) helps brain to recover from injury by 
promoting angiogenesis [49]. CH also acts as a neuroprotective 
action by suppressing inflammatory effects [50]. It promoted 
learning and memory in aged mice [50]. PTSD is associated with 
loss of bone mass, altered structure and impaired mechanical 
strength [51]; therefore, supplementation with collagen pep-
tide may improve bone structure. These studies suggest that 
supplementation with collagen peptides may improve brain 
structure and function in PTSD patients.

Loss of omega 3 function in PTSD

Omega 3 is an essential fatty acid which is not made in our 
body. The diet remains the only source of omega 3. It is essen-
tial for our growth and survival. Omega3 includes DHA, EPA, and 
ALA. DHA and EPA come from fish diet, whereas ALA come from 
nuts such as flax seed. Omega-3 fatty acids, particularly DHA, 
may play a role in preventing or reducing PTSD symptoms. In 
the single-prolonged stress induced rat model of PTSD, both 
short- and long-term memory were impaired. Omega 3 is eas-
ily oxidized in an internal high oxidative environment of PTSD 
patients and become dysfunctional Treatment with omega 3 
prevented this impairment, possibly through normalizing anti-
oxidant mechanisms in the hippocampus [52]. Fifteen Patients 
were admitted to ICU at the Japanese hospital immediately 
after accidental injury. They were given omega 3 daily for 12 
weeks. Results showed that omega 3 supplementation reduced 
some symptoms of PTSD. Omega 3 treatment enhances the se-
rum level of BDNF which induces hippocampal neurogenesis 
that reduces the development of fear and anxiety [53]. In ad-
dition, omega 3 rich fish oil can facilitate fear-extinction learn-
ing by facilitating hippocampal neurogenesis [54-56]. Omega-3 
maintains endocannabinoid-mediated neuronal functions [57] 
that facilitates extinction of fear memories. Such actions against 
fear memory are like those of beta-blockers [58] which are FDA 
approved drug. Omega 3 rich fish oil can reduce sympathetic 
nerve activity [59,60] that possibly plays an important role in 
the development of PTSD [61]. Thus, supplementation with 
omega 3 would be useful in both prevention and improved 
management of PTSD symptoms. Simultaneous attenuation of 
above internal stressors by natural products would be very ef-
fective in prevention as well as improved current treatment of 
PTSD.

Reduced level of serotonin in PTSD

Serotonin transporter (5-HTT) located in the amygdala regu-
lates stress response. Therefore, deficient 5-HTT function and 

abnormal amygdala activity may contribute to the development 
of PTSD. This was shown by the fact that PTSD patients exhib-
ited reduced amygdala expression of 5-HTT, as measured by 
PET (positron emission tomography) using a radioactive tracer 
of 5-HTT (11C-AFM). It was observed that reduced amygdala 
5-HTT binding was associated with higher anxiety and depres-
sion symptoms in PTSD patients [62]. The level of serotonin in 
the serum was lower in patients with PTSD than control sub-
jects [63]. Therefore, improving the level of serotonin in the 
brain would be useful in the prevention and treatment of some 
symptoms of PTSD.

Dysregulation of dopamine signaling pathway in PTSD

Dysregulation of dopamine signaling pathways alters the 
brain reward system [64]. Dopamine plays a crucial role in re-
ward functioning of the brain. Stress can impair dopamine re-
ward system [65]. Therefore, improving the level of dopamine 
in the brain would be useful in the management of some symp-
toms of PTSD.

Increased release of glutamate and decreased release of 
Gamma-Aminobutyric Acid (GABA) in PTSD

Several studies suggest that the imbalances between activi-
ties of glutamatergic and GABAnergic neurons contribute to the 
severity of the symptoms of PTSD including fear and anxiety. 
The glutamatergic systems appear to play an important role in 
the pathophysiology of PTSD [66]. Stress-induced glutamate 
release and glucocorticoids have been implicated to cause hip-
pocampal atrophy in patients with PTSD. This observation is 
not unexpected because glutamate in high doses is known to 
be neurotoxic. Glutamate and Nitric Oxide (NO) released during 
stress play a central role in maintaining anxiety disorders [30,66-
68]. Stress activates glutamate-NMDA receptors and decreases 
brain-derived neurotrophic factors, and excessive amounts of 
glutamate can cause death to cholinergic neurons that may ac-
count for the cognitive dysfunction associated with PTSD. The 
levels of glutamate in the serum of patients with established 
PTSD or partial PTSD were higher compared to those without 
PTSD. In addition, higher serum levels of glutamate were asso-
ciated with the severity of PTSD and major depressive disorder 
[68]. This study also revealed that the glutamine/glutamate ra-
tio was inversely associated with the severity of PTSD but not 
with the severity of major depressive disorder. Dysfunction of 
glutamate neurotransmission appears to be the main feature 
of stress-related psychiatric disorders including PTSD, anxiety, 
and mood changes [69]. Glutamate induced the release of CRF 
(corticotropin-releasing factor) may account for the atrophy of 
hippocampus [66]. The role CRF-mediated biochemical events 
in the pathogenesis of PTSD are further supported by the ob-
servation that patients with PTSD had increased levels of CRF 
[70]. Stress released excessive amounts of glutamate and nitric 
oxide and they play an important role in maintaining anxiety 
disorders. Stress also activated glutamate-NMDA receptors and 
reduce the levels of BDNF (brain-derived neurotrophic factor) 
that contributed to the death of cholinergic neurons. This may 
account for the cognitive dysfunction in patients with PTSD 
symptoms. 

Using in vivo proton magnetic resonance spectroscopy (1H 
MRS), it was found that the levels of GABA were lower and the 
levels of glutamate were higher in the parieto-occipital and 
temporal cortices of PTSD patients compared to those who 
were exposed to trauma but had not developed PTSD symp-
toms [71]. This study also demonstrated that increased anxi-
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ety symptoms scores and Insomnia Severity Index (ISI) scores 
commonly found in PTSD were associated with the lower levels 
of GABA and higher levels of glutamate. Imbalances between 
glutamate and GABA contribute to the apoptosis in the hippo-
campus of animal model of PTSD [72]. Therefore, blocking the 
release of glutamate and reducing the toxicity of glutamate as 
well as increasing the release of GABA would be useful in reduc-
ing the risk and progression of PTSD.

Effects of antioxidants on reducing oxidative stress and 
chronic inflammation in PTSD

Despite strong evidence for the involvement of increased ox-
idative stress and inflammation in the initiation and progression 
of PTSD, only a few studies with individual antioxidants have 
been conducted in animal models of PTSD. They are described 
here.

Curcumin

Curcumin exhibits strong antioxidant and anti-inflammatory, 
provides neurotrophic protection, alleviates the mental dis-
orders and anxiety-like behaviors of PTSD [73]. Curcumin also 
reduces anxiety and fear extinction learning in rats’ model of 
PTSD during developmental stages [74]. It has been reported 
that low-dose curcumin alleviates stress disorders, whereas 
high-dose curcumin reduces hippocampal neuroinflammation 
to prevent PTSD-like behavior. 

Resveratrol

Resveratrol is an effective agent for the treatment of depres-
sion, anxiety and PTSD in mice [75]. It exhibits antioxidant and 
anti-inflammatory effects. Resveratrol ameliorates anxiety-like 
behaviors and fear memory deficits in a rat model of post-trau-
matic stress disorder [76].

Vitamin C and Vitamin E

Vitamin C [77] and Vitamin E [78] prevented memory loss in 
rat model of PTSD.

A mixture of antioxidants

Vascular dysfunction is associated with PTSD in young adults. 
Supplementation with a mixture of antioxidants containing Vi-
tamin C, Vitamin E, and alpha-lipoic acid restored vascular dys-
function to normal level [79]. 

Although a few studies with individual antioxidants have 
been performed on animal models of PTSD, no such study has 
been performed in human PTSD. Since investigations with in-
dividual antioxidants in other neurodegenerative diseases pro-
duced no effect, although animal studies showed consistent 
benefits [80]. It is likely that use of single antioxidants would 
produce no significant benefit in prevention or improving the 
symptoms of human PTSD. Some potential causes include:

(a) antioxidants show differential subcellular distribution and 
different mechanisms of action therefore; a single antioxidant 
cannot protect all parts of the cell; (b) a single antioxidant in a 
high internal oxidative environment of PTSD patients would be 
oxidized and can then itself acts as a prooxidant rather than as 
an antioxidant; (c) Elevated levels of antioxidant enzymes and 
dietary and endogenous antioxidant compounds are needed to 
reduce oxidative stress and chronic inflammation; a single anti-
oxidant cannot achieve this goal. 

To avoid problems associated with the use of individual an-
tioxidants in reducing oxidative stress and inflammation, We 
have proposed that in order to simultaneously reduce oxida-
tive stress and chronic inflammation, it is essential to elevate 
both antioxidant enzymes and multiple antioxidant compounds 
[81]. The levels of multiple antioxidants can easily be elevated 
by an oral supplementation but increasing the levels of antioxi-
dants require activation of a nuclear transcriptional factor Nrf2. 
Therefore, it is essential to understand the regulation of activa-
tion of Nrf2.

Activation of Nrf2 (Nuclear factor-erythroid-2-related 
factor 2)

Properties of Nrf2

The nuclear transcriptional factor, Nrf2 belongs to the Cap ‘n’ 
Collar (CNC) family that contains a conserved basic leucine zip-
per (bZIP) transcriptional factor [82]. Under physiological condi-
tion, Nrf2 is associated with Kelch-like ECH associated protein 1 
(Keap1), which acts as an inhibitor of Nrf2 [82]. Keap1 protein 
serves as an adaptor to link Nrf2 to the ubiquitin ligase CuI-
Rbx1 complex for degradation by proteasomes and maintains 
the steady levels of Nrf2 in the cytoplasm. Nrf2-keap1 complex 
is primarily located in the cytoplasm; Keap1 acts as a sensor for 
ROS/electrophilic stress.

Activation of Nrf2 by ROS

During acute oxidative stress, ROS (reactive oxygen spe-
cies) is needed to activate Nrf2 which then dissociates itself 
from Keap1- CuI-Rbx1 complex and translocate in the nucleus 
where it heterodimerizes with a small Maf protein, binds with 
ARE leading to increased expression of target genes coding for 
several cytoprotective enzymes including antioxidant enzymes 
[83,84].

Development of ROS-resistant Nrf2

During chronic oxidative stress, Nrf2 becomes resistant to 
ROS [85,86], suggesting that activation of Nrf2 by a ROS-inde-
pendent mechanism exists. This is evidenced by the fact that 
increased chronic oxidative stress occurs despite the presence 
of Nrf2 in PTSD. The question arises as to how to activate ROS-
resistant Nrf2 in human PTSD.

Certain antioxidants activate ROS-resistant Nrf2

Some examples are vitamin E and genistein [87], alpha-lipoic 
acid [88], curcumin [89], resveratrol [90], omega-3-fatty acids 
[91], glutathione [92], NAC [93], and coenzyme Q10 [94].

Binding of Nrf2 with ARE (Antioxidant Response Element) 
in the nucleus

An activation of Nrf2 alone is not sufficient to increase the 
levels of antioxidant enzymes. Activated Nrf2 must bind with 
ARE in the nucleus for increasing the expression of target genes 
coding for antioxidant enzymes. This binding ability of Nrf2 with 
ARE was impaired in aged rats and this defect was restored 
by supplementation with alpha-lipoic acid [88]. It is unknown 
whether the binding ability of activated Nrf2 with ARE is im-
paired in PTSD.

Proposed micronutrient mixture for reducing oxidative 
stress and chronic inflammation 

Ingredients

This micronutrient mixture contains vitamin A (retinyl palmi-
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tate), Vitamin E (both d- alpha-tocopherol acetate and d-alpha-
tocopheryl succinate), natural mixed carotenoids, Vitamin C 
(calcium ascorbate), vitamin D3, all B-Vitamins, coenzyme Q10, 
alpha-lipoic acid, N-Acetylcysteine (NAC), resveratrol, curcumin, 
quercetin, green tea extract, and minerals selenium and zinc. 
This micronutrient mixture has no iron, copper, manganese, or 
heavy metals. This mixture has been tested clinically for its ef-
fectiveness in reducing oxidative stress and chronic inflamma-
tion.

Current prevention plan for PTSD 

Currently, there is no effective preventive plan for PTSD. 
Since exposure to traumatic events occur suddenly, it is diffi-
cult to implement any prevention plan. However, an effective 
preventive strategy can be implemented in troops being sent 
to combat zones. Since in most cases, the symptoms of PTSD 
appear within 3 months after the exposure to traumatic events, 
and in some cases, it might take a year or more, an effective 
prevention plan can be implemented during this period in both 
troops and civilian. 

Proposed prevention plan for PTSD using natural products

Reducing the effects of external stressors

Proposed prevention recommendations include consuming 
healthy diet and lifestyle, reducing excessive consumption of 
fat and sugar, alcohol, and caffeine, increasing social interaction 
and physical and mental exercises and reduced exposure to en-
vironmental toxin including EMF radiation as much as possible.

Reducing the effects of internal stressors

Since increased oxidative stress and chronic inflammation 
play a central role in the initiation and progression of PTSD, we 
propose to simultaneously attenuate them by the proposed 
micronutrient mixture. In addition, we propose to supplement 
with probiotics with prebiotics which would reverse the harm-
ful effects of intestinal dysbiosis, collagen peptides which would 
restore the loss of collagen and improve structure and function 
of the brain, and omega 3 which would replace dysfunctional 
omega 3. Clinical studies should be initiated to test the validity 
of the proposed prevention plan to reduce the risk of develop-
ing PTSD.

Current treatments of PTSD 

Use of psychotherapy

At present, the management of PTSD in the USA emphasiz-
es improving the symptoms of the diseases and not its causes 
which include internal and external stressors. Department of 
Defense (DOD) recommends the use of trauma-focused psy-
chotherapies such as Cognitive Processing Therapy (CPT), Pro-
longed Exposure Therapy (PE), Eye Movement, Desensitization, 
and Restructuring (EMDR), and others which are considered 
gold standard for treatment of PTSD symptoms [95].  Adverse 
side-effects of psychotherapy include emergence of new symp-
toms, enhancement of existing symptoms, treatment failure, 
suicidal tendency, occupational problems, and strained rela-
tionship [96-98]. 

Use of medications

Medications are recommended for PTSD patients who have 
residual symptoms after psychotherapy or are unable or unwill-
ing to access psychotherapy. Medications used in the manage-
ment of PTSD symptoms include selective serotonin reuptake 

inhibitors (i.e., fluoxetine, paroxetine, and sertraline) and the 
serotonin-norepinephrine reuptake inhibitor venlafaxine. Other 
medications include Prozac and Zoloft for reducing anxiety and 
depression. Patients with PTSD often have sleep disturbance 
related to hyperarousal or nightmares. Prazosin is effective for 
the treatment of PTSD-related sleep disturbance [99,100]. Ad-
verse side-effects include nausea, diarrhea, fatigue, drowsiness, 
headache, sexual dysfunction, insomnia, and loss of memory. 
It is not certain whether psychotherapy or medications would 
reduce the rate of progression of the PTSD. 

Proposed plan to improve current treatments of PTSD 

Proposed plan to improvement of PTSD includes combining 
current treatments with proposed prevention plan would im-
prove symptoms of PTSD and reduce the progression of this dis-
ease. A clinical study has reported that supplementation with 
N-Acetylcysteine (NAC) in combination of cognitive behavior 
therapy improved the symptoms in patients with PTSD and sub-
stance use disorder [101].

Cannabidiol (CBD)

It acts as a strong antioxidant and anti-inflammation ac-
tivities through complex mechanisms [102]. In addition, CBD 
enhances the levels of serotonin by acting as an inhibitor se-
rotonin-reuptake and stimulates serotonin receptors to form 
new serotonin which would decreases the symptoms of anxiety 
depression. It also stimulates dopamine D2 receptors causing 
increase in dopamine levels which leads to happiness. CBD also 
decreases the release of glutamate and enhances the release of 
Gamma-Aminobutyric Acid (GABA) that reduces hyperactivity 
and enhance calmness.

Conclusion

Post-Traumatic Stress Disorder (PTSD) is a complex psychi-
atric disorder caused by sudden exposure to a traumatic event 
among civilian or troops in war zone. External stressors which 
initiate and promote PTSD include exposure to sudden or re-
peated traumatic events, such as war, terrorism, natural or 
human-caused disaster or individuals who experience a violent 
personal assault, such as rape, mugging, domestic violence, 
sudden death of a family member, accidents, and sustained 
mild traumatic brain injury leads to PTSD symptoms. In addition, 
consuming poor diet and lifestyle and excessive exposure to 
poor environment including EMF radiation, aggravate the rate 
of progression and symptoms of PTSD. These symptoms include 
flashbacks, nightmares, and triggered emotional response, hy-
perarousal, depression, substance abuse, suicidal tendencies, 
impaired learning ability, and cognitive dysfunction. In addition 
to external stressors, internal Stressors which include increased 
oxidative stress, chronic inflammation, intestinal dysbiosis, loss 
of collagen, dysfunctional omega 3, and excessive release of 
glutamate and decreased level of Gamma-Aminobutyric Acid 
(GABA) contribute to the development and progression of 
PTSD. The preventive plan for PTSD has not been developed be-
cause traumatic events suddenly occur. However, such a plan 
can be implemented within 3 months of exposure. Proposed 
preventive recommendations include consuming healthy diet 
and lifestyle, reducing excessive consumption of fat, sugar, 
alcohol, and caffeine, increasing social interaction and physi-
cal and mental exercises, reducing exposure to environmental 
toxin including EMF radiation as much as possible. This plan 
also includes attenuation of internal stressors by a micronutri-
ent mixture which would decrease oxidative stress and chronic 
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inflammation, probiotics with prebiotics which would reverse 
the harmful effects of intestinal dysbiosis, collagen peptides 
which will restore the loss of collagen and improve structure 
and function of the brain, and omega 3 which will replace dys-
functional oxidized omega 3. Current treatments of PTSD in the 
USA emphasize improving the symptoms of the diseases and 
not its causes. Current treatment has focused on using psycho-
therapies which are considered gold standard for improving the 
symptoms of PTSD. Adverse side-effects include emergence of 
new symptoms, enhancement of existing symptoms, treatment 
failure, suicidal tendency, occupational problems, and strained 
relationship. Medications include selective serotonin reuptake 
inhibitors (i.e., fluoxetine, paroxetine, and sertraline) and the 
serotonin-norepinephrine reuptake inhibitor venlafaxine, and 
Prozac and Zoloft for reducing anxiety and depression. Prazosin 
is effective for the treatment of PTSD-related sleep disturbance.
Adverse side-effects include nausea, diarrhea, fatigue, drowsi-
ness, headache, sexual dysfunction, insomnia, and loss of mem-
ory. It is not certain whether psychotherapy or medications 
reduce the rate of progression of the PTSD. We propose that 
combination of current therapies with the suggested preven-
tion plan would improve symptoms of PTSD and reduce the pro-
gression of this disease. In addition, supplementation with Can-
nabidiol (CBD) would enhance the levels of serotonin by acting 
as an inhibitor serotonin-reuptake and stimulating serotonin re-
ceptors causing increased level pf serotonin that decreases the 
symptoms of anxiety and depression. It also stimulates dopa-
mine D2 receptors causing enhanced level of dopamine which 
causes happiness. CBD also decreases the release of glutamate 
and enhances the release of Gamma-Aminobutyric Acid (GABA) 
that reduces hyperactivity and enhance calmness.
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