EAHT

Environmental Analysis Health and Toxicology Vol: 35(4), Article ID: e2020023, 8 pages

https://doi.org/10.5620/eaht.2020023
elSSN: 2233-6567

Original Article

Effects of sulfur dioxide, ozone, and ambient air pollution on bone
metabolism related biochemical parameters in a rat model

Sorayya Kheirouri 1/, Mohammad Alizadeh 2!*/, Razieh Musapour Sultan Abad 3, Sona Barkabi-Zanjani ¢, Mehran
Mesgari-Abbasi 52,*

! Department of Nutrition, Tabriz University of Medical Sciences, Tabriz, Iran.

2Nutrition Research Center, Tabriz University of Medical Sciences, Tabriz, Iran.

3Student Research Committee, Tabriz University of Medical Sciences, Tabriz, Iran.

4 Department of Physiology, Faculty of Medicine, Tabriz University of Medical Sciences, Tabriz, Iran.
5 Drug Applied Research Center, Tabriz University of Medical Sciences, Tabriz, Iran.

*Correspondence: mesgarim@tbzmed.ac.ir

Received: July 08, 2020 Accepted: October 10, 2020

Abstract

Ambient air pollution (AAP), as an important environmental health problem, affects everyone. A large body of literature
links AAP, such as sulfur dioxide (SOz) and ozone (Os), with a wide range of non-communicable diseases. The aim of
the present study was to investigate the effects of the pollutants on the bone metabolism biochemical parameters in a rat
model. Thirty-two male Wistar rats were divided to four groups: control, SOz (10 ppm), O3 (0.6 ppm), and AAP groups.
After 5 weeks of exposure (3 hours/day, 6 days/week), blood samples were taken, and biochemical parameters were
assayed. Vitamin D level of the AAP group was higher than the control and SOz groups (p=0.004 and 0.003). Parathyroid
hormone (PTH) level of the Os group was significantly higher than the AAP group (p=0.006). Alkaline phosphatase
(ALP), phosphorus, magnesium levels of the SOz group; Vit D, ALP, osteocalcin (OC), and PTH of Os group; and OC
and osteoprotegerin (OPG) of AAP group were higher than those of control group but differences were not significant.
Calcium level of the SOz group; OPG and calcium of O3 group; and PTH of AAP group were less than those of control
group but differences were not significant (p>0.05). The results showed significant effect of AAP with natural daylight
on vitamin D and also Os on PTH of the rats. In the concentrations and conditions of the study, we didn't find any
significant unwanted effects of AAP, SOz, and Os on the bone biochemical parameters. More investigations with more
concentrations and exposure time are recommended.
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Introduction

Ambient (outdoor) air pollution, as an important environmental health problem, affects everyone in low-, middle-, and
high-income countries. It was estimated that ambient air pollution (AAP) caused 4.2 million premature deaths worldwide
in both cities and rural areas in 2016. In the same year, 91% of the world population was living in the places that the world
health organization (WHO) air quality guidelines levels were not met. People of low- and middle-income countries
unfortunately, experience the burden of AAP with 91% of the premature deaths [1].

The major indicators of air pollution are particulate matter (PM), ozone (Os), sulfur dioxide (502), and nitrogen
dioxide (NO2). Serious risks to health are produced not only from exposure to PM, but also from exposure to SOz, Os, and
NO2 [1].

Os at ground level is formed by the photochemical reaction (reaction with sunlight) of pollutants such as NOx
from vehicle and industry emissions and volatile organic compounds emitted by vehicles, solvents and industry. Therefore,
the highest levels of Os pollution occur during periods of sunny weather [1]. SOz is a colorless gas with a sharp odor. The
main anthropogenic source of SOz is produced from the burning of sulfur-containing fossil fuels (0il, coal) and the smelting
of mineral ores that contain sulfur for heating, motor vehicles, and power generation. Recent evidences show that much
lower levels of SOz (than previously believed) are associated to health effects and reducing SOz concentrations is likely to
decrease exposure to co-pollutants [1].

Air quality guideline values have been established based on expert evaluation of current scientific evidences by
WHO. The guideline values are presented in Table 1 [2].
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Table 1. The mean concentrations of ambient air pollution (AAP) parameters reported by Iranian air pollution
monitoring system for Tabriz Abresan station during the study 5 weeks, and air quality guideline by World
Health Organization (WHO). (2, 12) SO2: sulfur dioxide; CO: carbon monoxide; NO2: nitrogen dioxide; Os: ozone;
PM: particulate matter. Data are presented as mean + standard deviation.

Concentration (ug/m?) SO: co NO: Os PM:s PMuo

Ambient air concentration 2.00+1.17 14.08+10.07 23.96+8.26 49.76+18.48 28.67+4.04 21.33+£5.13
10-minute mean 500 - - - - -
1-hour mean - - 200 - - -

WHO

o 8-hour mean - - - 100 - -
guideline

24-hour mean 20 - - - 25 50
Annual mean - - 40 - 10 20

A large body of literatures links AAP with a wide range of non-communicable diseases [5, 6]. Osteoporosis is
characterized by bone mass content and tissue micro-architectural decreasing. That is a result of cumulative factors affecting
bone health [5, 6]. In the last few decades, an increase in the prevalence of osteoporosis is reported by several studies and
organizations that may resulted in increasing the risk of subsequent osteoporotic fractures [7].

The prevalence of vitamin D (Vit D) deficiency, osteopenia, and osteoporosis in Iran is high [8]. The prevalence of
them is higher in the northern regions of Iran. It is estimated that 35 and 17% of general population of Iran aged >30 years
have osteopenia and osteoporosis, respectively. The Iranian Multicenter Osteoporosis Study (IMOS) reported that more
than two-thirds of women and half of men over the age of 50 have a low bone mineral density [9, 10]. Osteoporotic fractures
represent an enormous public health burden [8]. In recent years, the increasing trend of the diseases is promising a critical
public health problem in Iran [11]. Vit D deficiency, disorders of calcium balance, and hyperparathyroidism are causes of
osteoporosis [8].

Evidences evaluating the association between AAP and bone health related biochemical factors is limited [4].
Some previous studies have concluded associations between air pollution and bone mineral density loss and increased risk
of osteoporotic fracture [12, 13]. Evidence from some previous studies indicate that air pollutants, including several
components, are in relationship with induction of an oxidative stress followed by low-grade systemic inflammatory state.
That can result in endocrine disruption and Vit D metabolism changes. The changes may have potential effects on bone
homeostasis parameters. But some other studies reported no association [14, 15].

To our knowledge, there is no animal study evaluating the effects of AAP on bone health related biochemical
parameters. Our objective was to evaluate the effects of AAP of Tabriz city, the capital and industrial city of north-west of
Iran, and also SOz, and Os, separately, on bone related biochemical factors including Vit D, parathyroid hormone (PTH),
osteocalcin (OC), osteoprotegerin (OPG), alkaline phosphatase (ALP), phosphorus, magnesium, and calcium using a rat
animal model.

Material and Methods

Animals
Thirty-two male Wistar rats (200+20 g) were purchased from Pasteur Institute (Karaj, Iran) and maintained under standard
conditions (2242 °C, 12/12 hours light/dark cycle, and 50-70% humidity). The water and food were ad libitum. The animals
were adapted to the conditions mentioned above for one week, before experimentation.

All the procedures were approved by the Research Ethics Committee of Tabriz University of Medical Sciences
(IR-TBZMED.REC.1396.1195) and were performed in accordance with the approved proposal.

Procedures

The animals were randomly divided into 4 groups (n=8) as follows:

®  The control group was placed under filtered air condition in standard cages in animal room.

® The SO2 group, exposed to 10 ppm SOz for 5 weeks (3 hours/day, 6 days/week). A chamber-house was made of
glass (60 x 50 x 40 cm?®) and equipped with two top and bottom output for ventilation. SOz in the exposure chamber
was provided by 2 x 50-L cylinders (120 bar pressure, 20 ppm SO2). The mixed gases composition of the chamber
was: SO2 (0.002%), O2 (20.5%) and N2 (79.5%), and the flow rate was 11 /min. The SOz concentration of the chamber
was daily measured by SO2 detector tube (GASTEC No.5La; measuring range 2-30 ppm).

® The Os group, exposed to 0.6 + 0.1 ppm Os for 5 weeks (3 hours/day, 6 days/week) in a chamber-house described
before. The Os was produced by an Os producer system. The Os concentration of the chamber was daily (measured
by Os detector (A-21ZX/USA).
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® The AAP group, placed in the Tabriz (East Azerbaijan, Iran) high traffic city center (Abresan square) near Abresan
air pollution recorder station 3 hours/day, 6 days/week for 5 weeks. The AAP report of Iranian air pollution
monitoring system in the period of the time are shown in Table 1 [16].
Twenty hours after the last exposure, blood samples were obtained by cardiac puncture under anesthetic condition
(Ketamine/Xylazine, 60/10 mg/kg IP) [17]. The samples were centrifuged at 3000 g (4 °C, 10 min). The blood serum samples
were maintained in -70 °C deep freezer until use.

Biochemical analyses

The calcium, magnesium, phosphorus, and ALP of blood serum samples were assayed by enzymatic methods using
commercial kits (Pars Azmun, Karaj, Iran). The automated Abbott biochemistry analyzer (Alcyon 300, USA) was used for
the analysis. The Vit D, PTH, OC, and OPG of blood samples were determined by enzyme-linked immunosorbent assay
(ELISA) method using rat commercial ELISA kits (Eastbiopharm, Hangzhou, China) and Awareness ELISA plate reader
(Statfax 2100, USA)

Statistical analyses

Statistical analyses were performed using Statistical Package for the Social Sciences (SPSS version 13) for Windows (SPSS
Inc., Chicago, IL, USA). One-way analysis of variance (ANOVA) was used to compare parameters between the groups,
followed by multiple comparisons with the Tukey post-hoc test. The data were expressed as mean * standard deviation
(SD). p-values less than 0.05 were considered statistically significant.

Results

Effects of ambient air pollution (AAP) exposure

Our findings indicate no obvious difference of the blood serum concentrations of the OC and OPG (Figure 1) between AAP
and control groups (p>0.05). ALP (Figure 2), phosphorous, magnesium, and calcium (Figure 3) serum concentrations of the
rats in the AAP group were higher and the PTH (Figure 4) concentrations were lower than the control group but the
differences were not statistically significant (p>0.05). The Vit D (Figure 1) level of the AAP group was significantly higher
than the control and SO: groups (p=0.004 and 0.003, respectively).
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Figure 1. Effects of SOz (sulfur dioxide; 10 ppm), Oz (ozone; 0.6 ppm), and ambient air pollution (AAP) inhalation
(for 5 weeks) on blood serum level of Vitamin D (Vit D), osteocalcin (OC), and osteoprotegerin (OPG) of the rats
(n=8). Data are presented as mean + standard deviation. *p<0.05
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Figure 2. Effects of SOz (sulfur dioxide; 10 ppm), Oz (ozone; 0.6 ppm), and ambient air pollution (AAP) inhalation

(for 5 weeks) on blood serum level of alkaline phosphatase (ALP) of the rats (n =8). Data are presented as mean
+ standard deviation .
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Figure 3. Effects of SOz (sulfur dioxide; 10 ppm), Oz (ozone; 0.6 ppm), and ambient air pollution (AAP) inhalation
(for 5 weeks) on blood serum level of calcium, phosphorous, and magnesium of the rats (n=8). Data are presented

as mean + standard deviation .
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Figure 4. Effects of SOz (sulfur dioxide; 10 ppm), O3 (ozone; 0.6 ppm), and ambient air pollution (AAP) inhalation
(for 5 weeks) on blood serum level of parathyroid hormone (PTH) of the rats (n =8). Data are presented as mean
+ standard deviation. *p<0.05

Effects of sulfur dioxide (SO2) exposure

Our results didn't show any considerable difference of the blood serum concentrations of OC, OPG, Vit D (Figure 1), and
PTH (Figure 4) between SO:2 and control groups (p>0.05). The ALP (Figure 2), phosphorous, and magnesium (Figure 3)
serum concentrations of the rats in the SO2 group were higher and the calcium (Figure 3) concentration was lower than the
control group but the differences were not statistically significant (p>0.05).

Effects of ozone (Os) exposure

Our results indicate no considerable difference of the blood serum concentrations of phosphorous and magnesium (Figure
3) between Os and control groups (p>0.05). The OC, Vit D (Figure 1), ALP (Figure 2), and PTH (Figure 4) serum
concentrations of the rats in the O3 group were higher and the OPG (Figure 1) and calcium (Figure 3) concentrations were
lower than the control group but the differences were not statistically significant (p>0.05). The PTH level of the Os group
was significantly higher than the air pollution group (p=0.006).

Discussion

Polluted air has different compositions in different cities and also in different times of the day and during a week because
of different sources, frequencies, and amounts of air pollutants. Therefore, each study about AAP is a unique study with
unique air pollutants. The AAP of our investigation were not comparable with the most polluted cities in the world but it
was considerable (Table 1). Tabriz city is one of the most polluted cities in Iran with 1.559 million (2016) population.
Effects of ambient air pollution (AAP)

Surprisingly, our results showed significant increase in Vit D level of air pollution group in compare to the control group
(Figure 1). The finding is in opposite to findings of the previous human studies. In one of the studies, air pollution had
decreasing effects on Vit D levels [18]. They stated that the AAP (Os and PM) presents a physical barrier to solar ultraviolet
B (UV-B) radiation [19], thereby contributing to lower cutaneous production of Vit D [14, 20, 21].

The mean calcium, magnesium, phosphorus, and ALP levels of air pollution group blood samples were increased
in comparison with control group, but they weren't statistically significant (p>0.05) (Figure 2 and Figure 3) that may be
because of Vit D increasing effects. Vit D is responsible for increasing intestinal absorption of calcium, magnesium, and
phosphate [22].

The PTH level of blood serum in AAP group was decreased in comparison with control group, but it wasn't
significant (p>0.05) (Figure 4). It may be because of the increase of blood Vit D and calcium as regulatory feedback. One of
the roles of Vit D is to maintain skeletal calcium balance by promoting calcium absorption in the intestines, promoting bone
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resorption by increasing osteoclast number, and maintaining calcium and phosphate levels for bone formation. The
procedure affects and allows proper functioning of PTH to maintain serum calcium levels [23]. A study in the United States
found an association between 1-year residential concentration of ambient PM2s and black carbon and lower serum PTH
levels [24].

There weren't considerable differences between blood samples OC and OPG in the control and AAP groups
(Figure. 1).

The major natural source of Vit D is the synthesis of cholecalciferol in the lower layers of skin epidermis. The
chemical reaction is dependent on sun exposure (specifically UV-B radiation) [25]. In our study, only the AAP group was
located in the exposure to the natural day-light and the other rats, including the control ones, were in animal room away
from natural day-light. Although the rats of the AAP group were not in direct sun-light, they received indirect sunlight. It
may be the reason for the more synthesis of Vit D in their body. It may have resulted that in the condition of our study the
positive effect of ambient natural daylight on Vit D level of the rats was more effective than negative effect of air pollution.

Effects of sulfur dioxide (5O2)

Our findings showed no considerable effects of the 10 ppm SOz intervention on the Vit D, PTH, OC, and OPG levels of blood
serum in comparison with those of the control group (Figure 1 and Figure 4). The mean calcium content in blood serum was
less and ALP, phosphorus, and magnesium levels were higher in SO2 group rats comparing to the control group but the
differences weren't statistically significant (p>0.05) (Figure 2 and Figure 3).

Effects of ozone (O5)

The findings showed a decreasing effect of 0.6+0.1 ppm Os on the calcium and OPG levels of blood serum in the Os group
rats in comparison with those in the control group (Figure 1 and Figure3), but they weren't statistically significant (p>0.05).
The PTH level of the Os group was significantly higher than that of the control group (p<0.05) (Figure 4). That may be a
result of the decreasing calcium in blood serum. Decreasing of calcium level of plasma results in activating cell surface
receptors and the secretion of PTH; it proceeds to stimulate the calcium taking from targeted bone, kidney, and gut cells
and entering it into the plasma pool [26].

Results of some previous studies indicated that the PM component of air pollution promotes systemic
inflammation and oxidative stress [27], which impair the bone remodeling process [5, 28] and indirectly alter bone hormonal
homeostasis, such as via PTH [13].

The decrease of the OPG level may be a response to elevating PTH that results in enhancement of osteoclast
activation and removing bone calcium to plasma. OPG is an osteoclastogenesis inhibitory factor and also a cytokine receptor.
It is a decoy receptor for RANKL in the RANK/RANKL/OPG axis that inhibits osteoclastogenesis and bone resorption [29].
The level of OC, ALP, and Vit D of Os group were higher than the control group, but the differences weren't statistically
significant (p>0.05) (Figure 1 and Figure 2).

In our findings, non-significant increase of OC was obvious in all intervention groups (p>0.05) (Figure 1). OC is
secreted by osteoblasts and directly binds calcium and concentrates in bone [30]. Previous studies demonstrated that an
acute stress response stimulates OC release from bone within minutes in rats [31]. The stress of handling, anesthesia, and
sampling may be the reason for increasing blood serum OC in the groups.

Mean ALP levels in blood serum of AAP, SOz, and Oz groups were higher than those of the control group (p>0.05)
(Figure 2). ALP has the physiological role of dephosphorylating compounds. Elevated levels of ALP in different conditions,
including bone conditions, osteoblastic bone tumors, osteomalacia, osteoporosis, and hyperparathyroidism were reported.
There is a positive correlation between bone formation and serum ALP [32].

Conclusion

Although results of the present study showed significant effects of AAP and Os on Vit D and PTH in blood serum of the
rats, respectively, overall, in the concentrations and conditions of the study, we didn't find any significant unwanted effects
of AAP, SOz, and Os on the bone related biochemical parameters in the rats. But the results are not generalizable to human
because of metabolic, genetic, and physiological differences between human and rats. On the other hand, it is possible that
the concentrations and exposure time of the present study were not enough to make changes in the bone related parameters.
Therefore, more investigations with more concentrations and exposure time are recommended to extend our knowledge
about that. Study of human osteoporosis and bone related parameters in air polluted and non-polluted areas also may be
helpful.
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