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Abstract 

	 Anxiety and depressive are fundamental psychic disorder and are considered one of the most severe mental health 
problems globally. There is much evidence that air pollution exposure is significantly related to symptoms of anxiety and de-
pression. Air pollution exposures in addition to increased morbidity and mortality caused by cardiovascular and respiratory 
diseases, may cause neuroinflammation and oxidative stress and contribute to the escalating prevalence of central nervous 
system (CNS) diseases. Diesel exhaust particles (DEPs), is one of the most important components of air pollution. Diesel 
exhaust (DE) contains more than 40 toxic air pollutants and is a major constituent of ambient particulate matter (PM), par-
ticularly of ultra fine-PM.We hypothesized that females may be less susceptible than males to DEPs exposure neurotoxicity, 
anxiety, and depression. So adult male and female NMRI mice were exposed to DEPs (350–400 µg/m3 for 6 h per day, five 
days per week and 8weeks). The degree of depression by Forced Swimming Test (FST) and anxiety by elevated plus-maze test, 
showed an increase in male and female mice.But the observed effects were less pronounced in male than in female mice in a 
number of cases. Findings indicate that sub-chronic exposure to DEPs causes anxiety and depression, and suggest that gender 
may play important roles in modulating susceptibility to anxiety and depression-related DEPs neurotoxicity.
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Introduction
	 Air pollution is a mixture contained various compo-
nents, including gases, particulate matter (PM), metals and or-
ganic compounds. Traffic-related air pollution is an important 
source of environmental pollution. It is estimated that 20 to 70 
percent of environmental pollutions are combustion-derived 
particles of traffic [1, 2] resulting from the combustion of traffic, 
and 85% of PM in urban areas is related to traffic [3]. Today asso-
ciation between air pollution exposure and morbidity and mor-
tality caused by cardiovascular and respiratory diseases is well 
established [4, 5], while new evidence suggests that air pollution 
may also contribute to central nervous system (CNS) diseases 
and negatively affect the CNS [6-8]. Epidemiological studies 
state that increased air pollution exposure is related to auditory 
and olfactory deficits, decreased cognitive functions, also in-
creased the incidence of neurodegenerative disease pathologies 
and depressive symptoms [9, 10].PM is believed to be the most 
important threat between air pollution components and has 
been heavily implicated in disease [8, 11, 12]. Particulate matter 
is broadly determined by aerodynamic diameter (e.g. PM10 and 
PM 2.5). Ultrafine PM (UFPM; <100 nm) is of very concern, as 
these PM can easily enter the circulation and after passing from 
blood-brain barrier (BBB), transmission and spread to various 
organs such as the brain [6, 7, 13].
	
	 One of the major reasons for global air pollution is traf-
fic-related air pollution and the most important component is 
diesel exhaust (DE) [14]. DE is a complex combination of gases, 
hydrocarbons, sulfur, heavy metals and particulates generated 
within the combustion of diesel fuel [15]. Diesel exhaust gas par-
ticles (DEPs) are one of the main components of environmen-
tal particles. Most diesel exhaust gas particles have a diameter 
of less than 1 micron [16]. DE exposure is often the indicator 
of showing of traffic-related air pollution. DE is a major source 
of ambient PM, that contains more than 40 toxic air pollutants 
and particularly of UFPM. Some research to DE controlled expo-
sure have examined on humans; for example, it has been shown 
to induce EEG changes in humans following acute exposure to 
DEPs (300 µg/m3) [17]. DEPs include many combinations that 
have potentially deleterious effects on the immune system[18]
and brain growth [19-21]. In 2013, the International Agency for 
Research on Cancer (IARC) identified DEPs as a human carci-
nogenic group based on evidence of exposure to particulate and 
lung cancer1. Other human systems that are affected by diesel 
exhaust carcinogens contain the CNS [22, 23].

	 Depressive is a fundamental psychic problem and is 
considered one of the most severe mental health problems glob-

ally [24]. Anxiety and Depression are not only associated with 
decreased quality of life [25], decreased work productivity [26, 
27], and physical illnesses such as cardiovascular problems but 
also increases the suicide rate and mortality [28, 29]. Anxiety 
and depression are common psychiatric illnesses with distinct 
interpersonal differences in symptoms, where some individuals 
respond fully and others show only a minor response. However, 
individual differences in response to stress are still heavily inves-
tigated but the gender and genetic sources of these differences in 
response largely remain a mystery [30]. 

	 Furthermore, recent studies support the involvement of 
inflammation in the brain in the pathogenesis of affective disor-
ders and impaired cognition [31, 32]. For example, anxiety and 
depression in the adult male mice [6] and learning and memory 
disorder are associated with sub-chronic DEPs exposure [32].
DE exposure in mice has been reported to alter spatial memory 
and learning and locomotor activity [20, 33-35].Generally, the 
available evidence suggests that DEPs exposure, with primary 
mechanisms related to neuroinflammation and to induction of 
oxidative stress, is associated with noxious CNS effects. Age, sex, 
and genetics are among the factors that can are the most relevant 
effect of neurotoxic outcomes [36-38].The main aim of this study 
was to survey whether gender differences in anxiety and depres-
sion following DEPs exposure. Therefore, we assumed that expo-
sure to DEPs would induce anxiety and depression in male and 
female mice. We used sub-chronic exposure to DEPs to evaluate 
how extended DEPs exposure may impact anxiety and depres-
sion. Thus, 40 NMRI male and female mice in separate cages 
were exposed to 350-400 µg/m3 of nanoscale (<100 nm) DEPs 
for 6 h per day and five days per week for 8 weeks in a closed ex-
posure system. Following exposure, mice underwent behavioral 
tests such as anxiety, depression and assessing physical abilities. 
Consequently, the present study was conducted to the investiga-
tion between anxiety and depression following DEPs exposure, 
in male and female mice.

Materials and Methods
Animals and Ethics considerations
	 Adult female and male NMRI mice (7-8 week-old) were 
used in this study, that purchased from Laboratories of animal fa-
cilities, Kashan University of medical sciences (Kaums) Kashan, 
Iran. All mice were housed with unlimited access to water and 
food and were maintained in a room with the air of humidity 35–
40% and temperature of 23 °C, and a12-h dark-light cycle (light 
on at 6:00 a.m.). Animals were randomly assigned to control or 
exposure to DEPs. All experiments on animals were carried out 
in the match with the National Research Council Guide for the 
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Care and Use of Laboratory Animals, as adopted by the National 
Institutes of Health and the ethics committee of Kaums approved 
the research stages for scientific and research objective.

DEPs collection and extraction 
	 We used the following method for collected the DEPs. 
The engine was a light-weight (2776cc), pickup truck (Iran 
Khodro Diesel Co., Tehran, Iran), 4-cylinder diesel engine. The 
engine using standard diesel fuel at a load of 10 torques (kg/m), 
operated at a speed of 1,500 rpm. The exhaust gas was introduced 
into a stainless steel dilution tunnel (300 x 5,800 mm) at the end 
of the dilution tunnel. The sampling point temperature is less 
than 50°C. To determine the particle size distribution of DEPs in 
the suspension, dynamic light scattering (DLS) measurements of 
DEPs were performed using a Zetasizer Nano-ZS system (Mal-
vern Instruments Ltd., UK) (Figure 1A and 1B) [6, 39]. 

A

Figure 1. Peaks of size distribution of DEPs were detected by Zetasizer Nano-ZS system. (A) Size vs. Number and (B) Size vs. 
Volume

Animals and Exposure conditions 
	 40 NMRI 7-8 week-old female and male mice were 
randomly grouped (n=10 per group) and used in experiments. 
The mice were placed in a separate wire mesh cage (n=10) in the 
systemic exposure chamber (1 m3), and controlled environmen-
tal conditions (humidity, 55-60%; temperature, 21±0.5°C). The 
DEPs weight were measured using an electrical microbalance 
(readability 0.1μg) in an air-conditioned chamber (temperature, 
24°C; humidity, 45%). The DEPs were resuspended in saline for 
30 minutes prior to application and then vortexed for 5 minutes 
and sonicated for 30 minutes. Exposure of mice to DEPs was in-
haled to 350-400μg DEPs/m3 for 6 h (8 AM to 2 PM)/day, 5 d/
week 8 weeks, Ultrasonic nebulizer (NE-UO7; Omron Corpora-
tion, Tokyo, Japan) with an output of 1 mL/min in a closed sys-
tem room. Control mice were divided and just exposed to saline 
solution. Instantly after the end of the last exposure, degree of 
depression and anxiety by Forced Swimming Test (FST) and el-

B
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evated plus maze did the measuremen.

Behavioral Experiments
Elevated plus maze
	 For assesses, spatial anxiety in mice used the elevated 
plus maze [40, 41]. The elevated plus maze device contains four 
50 cm x 10 cm arms and a 10 cm x 10 cm central platform and 
rises 60 cm from the ground. Two opposing arms are open, and 
the other two arms surrounded by a 40-cm wall. As a rule, an 
entrance is defined as having four paws on the arm. Test room 
moderate lighting. While the experimenter observed the animal's 
behavior, each mouse was placed in a central platform facing the 
open arm and left to explore the maze for 5 minutes. The meas-
ured plus sign maze navigation parameters are the time in open 
arms (OAT) and the number of incoming open arms (OAE). The 
percentages of OAT and OAE are calculated as follows:  

 OAT%= duration spent in open arms (s) /300 (s) × 100.
 OAE%= number of entries into the open arms / total number of 
entries×100

Forced Swimming Test (FST)
	 FST in mice is a behavioral despair test established by 
Porsolt et al., previously [42]. The male and female mice were 
separately positioned in glass cylinders (0.15 m diameter and 
0.25 m height), which encompassed 17 cm depth of 25 ℃ water. 
Five minutes later, removing the mice and drying and returning 
to their cages was performed. After 24 hours, the mice were re-
placed in the cylinder to measure the immobility duration for 5 
minutes after the primary minute of the duration of adjustment. 
When mice were floating motionless, they were considered to be 
immobile.

Statistical analysis
	 Behavioral Experiment results were analyzed by one-
way ANOVA with Bonferroni correction for multiple compari-
sons. All data are presented in the form of means ± standard er-
ror. The difference was considered the significant Alpha level at P 
< 0.05.

Results
	 Adult female and male mice exposed to 350–400 µg/
m3 DEPs for 6 h per day, 5 days per week and 8 weeks, did not 
significant differences between control mice and DEPs exposure 
mice in body length (P = 0.089), body weights (P = 0.076), eye 
appearance, vibrissae, and sensorimotor responses (p<0.05).

Behavioral Experiments
Anxiety
	 The elevated plus maze test was presented to assess the 
stress level of the mice exposed to DEPs. Generally, the stress 
level was calculated based on two factors of entering the open 
arms and time spent in the arms. Results show that there was 
a difference between the groups in terms of performance. The 
male and female mice exposed to 6 h/day DEPs displayed a sig-
nificant decrease in the ability to enter the open arms, compared 
to the samples in the control group, but it was more pronounced 
in female than in male mice (Figure 2A). Also, the male and fe-
male mice in the 6 h exposure groups passed a shorter time in the 
open arms, and this difference was more in female than in male 
mice (Figure 2B) (p<0.001). In the elevated plus maze decreased 
the number of open arm entries, and a reduced time spent in the 
open arms indicated reduced anxiety responses. 

Depression 
	 Exposure to DEPs by inducing immobility in the FST 
did sufficiently depressive-like responses. Sub-chronic DEPs ex-
posure mice, with elevated duration and floating frequency in 
the FST, increase depressive-like behaviors. We studied the effect 
on immobility duration and floating frequency in forced to swim 
models. Based on our observations, exposure to DEPs for 6 h/
day, in male and female mice, caused significant enhancement of 
elevated depressive behaviors with elevated immobility duration 
and floating frequency in the FST (Figure 3 A) (p<0.001). Fur-
thermore, DEPs exposure mice had a lower latency than control 
mice to first float, especially in female mice, (Figure 3 B) demon-
strating they more rapidly reached a state of behavioral despair 
than male mice (p<0.001).

Discussion
	 DEPs are byproducts of fossil-fuel combustion, general-
ly with a diameter below 100 nm. These airborne PM mimic the 
physicochemical characteristics of nanoparticles, demonstrating 
greater CNS penetrance than that of larger particles. We had re-
ported that 14 weeks of exposure to DEPs leads to the upregu-
lation of Oxidative stress and inflammatory markers and neu-
ronal morphology changes in hippocampal structure resulting 
in anxiety and depression affective responses in male and female 
mice. The cognitive changes to be associated with neuroinflam-
mation and oxidative stress in some brain regions are proved. We 
had previously shown that long term exposures to DEPs caused 
an altered behavioral in adult male mice [6]. In the one study, 
it was found that the risk of a depressive episode increase with 
arises concentration of 10 μg/m3 of PM2.5, especially in people 
who suffer from chronic diseases [43]. Another study has shown, 
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 Figure 2. Gender differences in the elevated plus maze navigation by the male (M) and female (F) animals (A) Percentage of the entered open
 arms by the different groups of mice during the plus maze searching. While the DEPs exposure led a marked decrease in entering the open arms
 in all exposure groups. (B) Percentage of the duration of stay in the entered open arms during the plus maze navigation. The male and female
animals displayed a considerable decrease in the time of the open arm steering. Results are represented as mean ± SEM with n=10 in each group.
Asterisks indicate significant differences between genders compared with the control mice.*P < 0.05, **P < 0. 01, ***P < 0.001

 Abbreviations: 6 h M, 6 h/d Diesel Exhaust Exposure in Male mice; 6h F, 6 h/d Diesel Exhaust Exposure in Female mice; Control M, Control
 .Male; Control F, Control female

Figure 3. Gender differences in effects of sub-chronic DEPs exposure on enhanced immobility in the (A) forced swim task. Bar diagram repre� 
 senting the day-dependent study on the effects of DEPs exposure, increased the duration of time spent floating and immobility (in second) of male
 (M) and female (F) mice in forced swim test which is consistent with a depressive-like state. (B) DEPs exposure mice also reduced the latency to
 first float (in second) demonstrating rapid attainment of behavioral despair in male (M) and female (F) mice. Results are represented as mean ±
 SEM with n=10 in each group.Asterisks indicate significant differences between genders compared with the control mice. *P < 0.05, **P < 0. 01,
 ***P < 0.001
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that an increase in PM10 may lead to symptoms of depression in 
the elderly, which is more commonly associated with emotional 
symptoms [44]. It has been shown that during periods of high-
est concentrations of atmospheric particles matter, the number 
of suicide attempts is increasing [45]. The mechanism of this 
phenomenon is still experimental. In the investigations that the 
authors sought to find a relationship between exposure time and 
suicides, it was found that PM10 particles (with an aerodynamic 
mean ≤ 10 μm) had the greatest effect 0 to 2 days before the sui-
cide and PM2.5 one day before they commit suicide [43].

	 The present study assessed the impact of DEPs expo-
sure in female and male mice on depression and anxiety. We 
showed that After 8 weeks of DEPs inhalation exposure caused 
affective disorder in the behavioral performances on female and 
male mice. The mice in the exposure groups had lower activity 
and efficiency, compared to the control mice, whether in forced 
swimming test and plus-maze test. It concluded that the anx-
ious male and female mice in forced swim test did sufficiently 
induce immobility duration. In addition, staying in the arms for 
a shorter duration was interpreted as the stress and fewer abilities 
to enter the open arms in the plus-maze test in male and female 
mice. In female mice, there was observed more anxiety and de-
pression than male mice. In the comparison of gender effects, It 
was observed that the female mice responded to the forced swim 
test with a longer duration of immobility than male mice (Figure 
2 and Figure 3). This finding provided confirmation that expo-
sure to DEPs causes anxiety and depression [46] and suggests 
that gender determinants may influence these neurotoxic effects 
so that this gender difference in basal immobility, agrees with 
previous studies [47].

	 Exposure to PM is implicated in potentiating asthma 
and other cardiopulmonary situation, and behavioral despair 
and negative mood are associated with high airway inflamma-
tion and asthma [48, 49]. Also, air pollution exposure is directly 
related to emergency department visits for suicide attempts [45]. 
This survey is that the effects of DEPs exposure were evaluated 
in female and male mice and show that depression dispropor-
tionately affects women [50, 51]. DEPs exposure male and female 
mice increased anxiety responses compared with control mice. 
Male and female mice exposure to DEPs, compared with control 
mice, reduced the percentage of performance and activity in the 
center of an open field which is generally defined as (Figure 2 A, 
B) elevated anxiety responses [6]. Therefore, there were signifi-
cant differences between DEPs exposure female and male mice 
than control mice in the elevated plus maze but the anxiety was 

lower in male mice than in female mice (Figure 2 A, B).According 
to epidemiologic surveys, females predominance to generalized 
anxiety disorder, major depression, and panic disorder, thus 
perhaps this gender difference is important [52-54]. These ex-
periments also highlight the importance of gender differences in 
anxiety and depression models. Many articles have suggested the 
associated between air pollution and the prevalence of depres-
sion and suicide disorders. As we have learned, their causes are 
very complex, as well as the health effects of many of the sub-
positions in the air. While epidemiology indicates an increased 
risk of depression and suicide in exposed air, further research is 
still needed to fully explain these findings. Epidemiological data 
may indicate specific dependence, but further clinical and ex-
perimental studies are needed to better understand the impact of 
air pollution on mental health.

Conclusion
	 In conclusion, long-term exposure to DEPs has been 
shown to induce behavioral and neurotoxic effects in mice. The 
sub-chronic exposure to DEPs is sufficient for elicit significant 
increases in neurobehavior disorder, and females appear to be 
more susceptible to some of these effects. These findings empha-
sis the gender difference and importance of considering both 
sexes when survey neurotoxicity, and may increase susceptibility 
to neurotoxic effects of air pollution exposure. Further research 
should be examining another’s variables such as genetic and or 
age and exposure to DEPs impairs cognition, provokes anxiety 
and depressive-like behaviors in mice.
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