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Figure 1: The vivarium that designed to expose laboratory animals to petroleum vapors. Different parts

are marked with numbers, 1) heater with timer, set specified temperature 2) erlen to evaporate crude oil

3) rat cage 4) Entrance door of vivarium chamber 5) Tube for removing of pollutants 6) thermometer 7)
Pollutant output fan 8) Output fan timer
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Table 1: The primer sequences of rat genes for Real Time PCR analysis
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Table 2: Analysis of crude oil by gas chromatographic method. The sample entered the column of Selica
with a pressure of 60 kg/cm? and an injection temperature of 300°C. The ionization power was 70 eV and
the multiplayer voltage was 1200 eV.

Compound ConE:sFr)lrtTr]f)mon Abundant %
Naphthalene 485 3.989816
1-Methyl-Naphthalene 572 4.705515
Biphenyl 97 0.797963
2,6-Dimethyl-Naphthalene 764 6.284988
AcenaphthyJene 11 0.090491
Acenaphthene 9 0.074038
2,3,5-Trimethyl-Naphthalene 528 4.343552
Fluorene 42 0.34551
Phenanthrene 197 1.620606
Anthracene 6 0.049359
1-Methvl-Phenanthrene 145 1.192831
Fluoranthene 3.8 0.03126
Pyrene 12.5 0.10283
Benzo(a)anthracene 6.8 0.05594
Chrysene 29 0.238566
Benzo(k)fluoranthene 2.2 0.018098
Benzo(e)pvrene 3.8 0.03126
Benzo(a)pvrene 15 0.01234
Perylene 78 0.641661
Indeno(1,2,3-c,d)pyrene 0.65 0.005347
Dibenzo(a,h)anthracene 1.2 0.009872
Benzo(g,h,i)perviene 15 0.01234
C1-Naphthalenes 1478 12.15865
C2-Naphthalenes 521 4.285967
C3-Naphthalenes 2178 17.91715
C4-Naphthalenes 1141 9.38635
C1-Fluorenes 198 1.628832
C2-Fluorenes 396 3.257664
C3-Fluorenes 451 3.710117
C1-Phenanthrenes 882 7.255706
C2-Phenanthrenes 596 4.902949
C3-Phenanthrenes 218 1.79336
C4-Phenanthrenes 378 3.109588
C1-Fluoranthenes 59 0.485359
C1-Chrysenes 63 0.518265
C2-Chrysenes 221 1.81804
C3-Chrysenes 237 1.949663
C4-Chrysenes 142 1.168152
Total PAHs 2996.95 3.989816
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Figure 2: The serum bactericidal activity against Escherichia coli (a) and Staphylococcus aureus (b), as
well as the activity of lysozyme (c) and serum myeloperoxidase (d) in neonatal rats exposed to petroleum
gas pollutants (p) or in the control group (c) during the fetal period of 15, 30, and 45 Days. The asterisk (*)
sign indicates the statistically significant difference between groups.
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Figure 3: The activity of the classic (a) and alternative (b) pathways of the complement system in neonatal
rats exposed to petroleum gas pollutants during the fetal period. The letter P represents the pollutant group,
and the letter C represents the control group. The results of the evaluation are presented at different time
points, including 15, 30, and 45 days. The asterisk (*) sign indicates the statistically significant difference
between groups.
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Figure 6: The anti-sheep red blood cells

antibody titer of the neonate rats which exposed

to petroleum gas pollutant during fetus period.
The letter P represents the pollutant group and

the letter C represents the control group. The

results of evaluation are presented in different

ages including 30 and 45 days.
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Figure 7: The fold expression changes of the
genes related to activity and development of the
immune system in fetus rats which exposed to
petroleum gas pollutant.

AV | AFY Gliusy oF o jlac ann g3 0 590 (O il (oS jaola da it

| { |
Ps Cis P3c GCso Pas  Cas

Figure 4: The serum anti-trypsin activity in
neonate rats which exposed to petroleum gas
pollutant during fetus period. The letter P
represents the pollutant group and the letter C
represents the control group. The results of
evaluation are presented in different ages
including 15, 30 and 45 days.
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the neonate rats which exposed to petroleum gas
pollutant during fetus period. The letter P
represents the pollutant group and the letter C
represents the control group. The results of
evaluation are presented in different ages

including 15, 30 and 45 days.
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Figure 8: The fold expression changes of the genes related to activity and development of the immune
system in neonate rats which exposed to petroleum gas pollutant during fetus period.
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Abstract

Environmental pollution, especially oil and gas pollutants, has devastating effects on maternal and fetal health.
In this study, the direct effects of petroleum gases on the development and function of the immune system during
prenatal and neonatal periods in rats were investigated. Pregnant rats (N=36) were divided into two groups: one
exposed to pollutants and one serving as the control group. The group of pollutants was exposed to oil vapors in
the vivarium compartment for 5 hours per day starting from the first day of pregnancy. Fetal spleen samples were
taken on day 20 of embryonic life to investigate the expression of tumor necrosis factor alpha (TNF-a), interferon
beta-1 (IFN-B1), alpha lymphotoxin (LT-a), and Transforming Growth Factor-p1 (TGF-B1) genes. The total serum
immunoglobulins and antibody titer to sheep red blood cells were evaluated when the neonates were 45 days old.
Innate immune responses were investigated in terms of serum bactericidal, lysozyme, myeloperoxidase, anti-
protease, and complement activity. The expression of the mentioned genes in newborns was also evaluated at the
ages of 15 and 30 days compared to the control group. The results indicated a significant decrease in the activity
of lysozyme, complement, and myeloperoxidase, as well as a non-significant reduction in the serum bactericidal
activity and humoral immune response of the pollutant group compared to the control group. The expression levels
of LT-a and IFN-B1 were reduced, while the expressions of TNF-a, IL-1, and 1L-10 were elevated in the embryos
exposed to pollutants. An age-related increase in TNF-o and TGF-B1 was observed in the offspring of the pollutant
group. In conclusion, petroleum vapors have been shown to have a destructive and significant effect on the innate,
humoral, and cellular immune responses of fetuses and neonates. The mechanisms involved in these destructive
effects can be investigated in future studies.
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