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EVALUATION OF SURFACTANT-D AND INFLAMMATORY MARKERS IN ALBINO RATS EXPOSED TO COMMONLY-USED AIR FRESHENERS

Abstract
Air freshener exposures have been associated with a range of adverse health effects. This study evaluated Surfactant-D, interleukin 1-beta and tumour necrosis factor-alpha in albino rats exposed to the following brands of air fresheners (Airwick, Swiss and Sunshine). Forty-two albino rats (21 males and 21 females) weighing between 200 to 220g were randomly divided into seven groups of six rats each (3 males and 3 females per group). The rats in the first group (Group I or Control) were not exposed to any air freshener. The rats in the second group (Group II), third group (Group III), and fourth group (Group IV) were exposed to AirWick, Swiss, and Sunshine air fresheners, respectively, for thirty (30) days. Similarly, the rats in the fifth group (Group V), sixth group (Group VI), and seventh group (Group VII) were exposed to AirWick, Swiss, and Sunshine air fresheners, respectively, for sixty (60) days. At the end of the exposure, animals were sacrificed and blood samples were collected via cardiac puncture, for biochemical investigations. Result showed that air the fresheners significantly increased Surfactant-D protein (P<0.001), Tumour necrosis factor alpha (P<0.001) and Interleukin-1 beta (P<0.001) levels compared with the control. There was no significant difference in the mean Surfactant-D levels (p=0.533), Interleukin-β (p=0.385) and Tumour Necrosis Factor-α (p=0.732) between the male and female rats. Interleukin-1β levels significantly increased (p<0.001) based on duration of exposure. Additionally, the lung tissues were excised for histological analysis. The histological analyses of lungs section of the exposed animals showed areas of distorted alveolar space, emphysema and thickened inter-alveolar septa. The study revealed that chronic exposure to air fresheners have the potential to damage lung tissues and impair lung function. It is recommended that chronic exposure to air fresheners should be minimized in order to prevent possible negative effects on lung tissues.
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1. Introduction
Air fresheners are chemical products that are used in homes, hospitals, offices, schools, public places, hotels, restrooms etc., which remove unpleasant odors, to improve indoor air quality (Johnson et al., 2019). They come in various forms, including sprays, plug-ins, gels, candles, and diffusers (Afighor et al., 2019). The main function of air fresheners is to remove odors either by covering unpleasant smells with stronger and more pleasant smell or neutralizing the odor through direct interactions with odor molecules (Steinemann, 2015).
Air fresheners typically contain a variety of volatile organic compounds (VOCs), which are chemicals that easily become vapors or gases (Kim et al., 2015). Air fresheners contain fragrances, adsorbents, oxidizers, disinfectants, preservative, solvents, emulsifiers and surfactants. They function primarily through two mechanisms: masking odors and neutralizing them (purpos planet, 2023). Masking involves emitting pleasant fragrances that overpower bad smells, while neutralizing involves chemical reactions that eliminate odor-causing molecules.
Many air fresheners contain volatile organic compounds (VOCs) and other chemicals that may pose significant health risks (Jang et al., 2021). Recent studies have highlighted the potential for these compounds to disrupt pulmonary immune responses and induce inflammatory processes (Kaneko et al., 2019). A study by Odinga and Odu (2018) reported that exposure to air fresheners altered the bleeding time on blood electrolyte profile of albino rats. It has also been reported that air fresheners negatively affect the lungs and heart histology (Mohammed and Yakasai, 2017). Air fresheners have also been reported to induced oxidative stress and adversely affect immunity (Airadion et al., 2020). Further, when components from air freshener, reacts with ozone, secondary pollutants are produced which directly or indirectly affects human health (Fadeyi et al., 2013).
This study seeks to evaluate the levels of Surfactant-D and inflammatory markers, which reflect the possible effects of the air fresheners on the respiratory system.

2. Materials and Methods
2.1 Experimental Animals 
Forty-two albino rats (male and female) weighing 200-220g were used for this study. From the pharmacology Department, Rivers State University, Port Harcourt, the albino rats were purchased and transported to the Animal House, Rivers State University. They were allowed for two weeks to acclimatize in the cage.

2.2 Air Fresheners
A market survey was done and according to customer’s preference, three brands of air fresheners (Air Wick, Swiss, and Sunshine) were selected and purchased at Mile 3 market in Port-Harcourt, Rivers State, Nigeria. These air fresheners were stored at room temperature, and information on their names, active ingredients, and expiry dates were obtained from their packaging leaflets. 

2.3 Experimental Design
A total of 42 albino rats (21 males and 21 females) weighing between 200-220g were used for the study. The rats were housed in well-ventilated cages, maintained at a temperature of 27-30°C with a 12-hour natural light and 12-hour darkness cycle, and had free access to water and rat pellets. On arrival of the rats to the Animal House, they were randomly divided into seven groups of six rats each (3 males and 3 females per group) and were allowed to acclimatize for 14 days before the experiment began.
Following the acclimatization period, the rats in the first group (Group I or Control) were not exposed to any air freshener. However, the rats in the second group (Group II), third group (Group III), and fourth group (Group IV) were exposed to Air Wick, Swiss, and Sunshine air fresheners, respectively, for thirty (30) days. similarly, the rats in the fifth group (Group V), sixth group (Group VI), and seventh group (Group VII) were exposed to Air Wick, Swiss, and Sunshine air fresheners, respectively, for sixty (60) days.

2.4 Specimen Collection
After the varying exposure periods to the different air fresheners, the albino rats were fasted overnight. They were then anesthetized in a jar containing chloroform-soaked cotton wool until they were unconscious. In this state, the rats were promptly removed from the jar, and whole blood was collected using a sterile syringe and needle through cardiac puncture into sterile plain bottles. The blood was allowed to clot and then centrifuged at 3500 rpm for 5 minutes to obtain serum, which was used to assay for surfactant D, interleukin 1 beta (IL-1β), and tumor necrosis factor-alpha (TNFα). Additionally, the lung tissues were excised and placed in 10% formol saline for subsequent histological analysis.
2.5 Sample Analysis
The Surfactant-D, Tumour necrosis factor-alpha and interleukin-1 beta were analyzed using the ELISA technique.
The histology of the lung tissues was performed using H& E technique, as described by
2.6 Data Analysis
The data generated from the analysis were analyzed using Statistical Package for the Social Science version 23. The results were expressed as Mean ± Standard deviation. Comparisons of mean values of parameters was done using the one-way ANOVA and independent t-test. Results were considered statistically significant at 95% confidence interval (p≤.0.05).

   3.0 Results
3.1 Comparison of Mean Levels of Surfactant-D, Interleukin 1-β and Tumour Necrosis Factor-α in the Rats
Table 1 shows the mean levels of Surfactant-D, Interleukin 1-β and Tumour Necrosis Factor-α according to the groups. The mean levels of surfactant D (p<0.001), Interleukin 1-β (p<0.001) and Tumour Necrosis Factor-α (p<0.001) were significantly higher in the groups exposed to the different air fresheners compared to the control group.

Table 1: Comparison of Mean Levels of Surfactant-D, Interleukin 1-β and Tumour Necrosis Factor-α in the Rats
	
	Surfactant-D (ng/ml)
	Interleukin1-β (pg/ml)
	Tumour Necrosis Factor-α (pg/ml)

	Group 1 
(n=6)

	0.62 ± 0.08a
	25.10 ± 1.55a
	0.24 ± 0.01a

	Group 2 
(n=6)

	1.12 ± 0.05b
	79.33 ± 1.75b
	0.34 ± 0.06b

	Group 3 
(n=6)

	1.11 ± 0.04b
	80.05 ± 1.41b
	0.33 ± 0.02b

	Group 4 
(n=6)

	1.13 ± 0.05b
	80.33 ± 1.17b
	0.31 ± 0.02b

	Group 5 
(n=6)

	1.28 ± 0.02c
	86.17 ± 1.17c
	0.34 ± 0.02b

	Group 6 
(n=6)

	1.17 ± 0.23b
	89.33 ± 1.21c
	0.32 ± 0.03b

	Group 7 
(n=6)

	1.26 ± 0.03c
	88.50 ± 1.05c
	0.36 ± 0.05b

	p-value

	<0.001
	<0.001
	<0.001

	F-value
	31.090
	16.930
	8.444


Values in the same column but with different superscripts are significantly different from each other (p≤0.05).








3.2 Comparison of Mean levels of Parameters Based on Sex of Rats
Table .2 shows comparisons of Surfactant-D, Interleukin 1-β and Tumour Necrosis Factor-α according to the sex of rat. There was no significant difference in the mean Surfactant-D levels (p<0.533), Interleukin 1-β (p<0.385) and Tumour Necrosis Factor-α (p<0.732) between the male and female rats.

Table .2: Comparison of Mean levels of Parameters Based on Sex of Rats
	
	Surfactant-D (ng/ml)
	Interleukin1-β (pg/ml)
	Tumour Necrosis Factor-α (pg/ml)


	Male
(n=18)

	1.19 ± 0.09
	84.67 ± 3.80
	0.34 ± 0.03

	Female
(n=18)

	1.17 ± 0.14
	83.39 ± 4.53
	0.33 ± 0.04

	p-value

	0.533
	0.385
	0.732

	t-value

	0.635
	0.881
	0.345














3.3 Comparison of Mean Levels of Parameters based on Duration of Exposure
Table 3 shows the comparison of Surfactant-D, Interleukin 1-β and Tumour Necrosis Factor-α according to duration of exposure. There was significant difference only in the mean interleukin 1-β levels (p<0.001).

Table 3: Comparison of Mean Levels of Parameters based on Duration of Exposure
	
	Surfactant-D (ng/ml)
	Interleukin1-β (pg/ml)
	Tumour Necrosis Factor-α (pg/ml)


	Group 2 
(n=6)

	1.12 ± 0.05
	79.33 ± 1.75a
	0.34 ± 0.06

	Group 3 
(n=6)

	1.11 ± 0.04
	80.05 ± 1.41a
	0.33 ± 0.02

	Group 4 
(n=6)

	1.13 ± 0.05
	80.33 ± 1.17a
	0.31 ± 0.02

	Group 5 
(n=6)

	1.28 ± 0.02
	86.17 ± 1.17b
	0.34 ± 0.02

	Group 6 
(n=6)

	1.17 ± 0.23
	89.33 ± 1.21b
	0.32 ± 0.03

	Group 7 
(n=6)

	1.26 ± 0.03
	88.50 ± 1.05b
	0.36 ± 0.05

	p-value

	0.075
	<0.001
	0.160

	F-value
	3.127
	70.280
	1.721


Values in the same column but with different superscripts are significantly different from each other (p≤0.05).





3.4    Histology of the Lungs of the Rats

[bookmark: _GoBack]FIG 1 to 6 show the histological slides of the lungs of the control group and the treated rats. There were alterations in the histology of the rats that were exposed to the different air fresheners. The rats in the control group showed normal histo-architecture of the lungs.
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		A (Control)						B (Group 2)
FIG 1: Showing the histology of the lungs (X400) for the control (A) and Group 2 (B). Control Group indicates normal histoarchitecture, while Group 2 (30 days Airwick) shows slightly distorted alveolar space (X) and thickened inter-alveolar septa (Y).
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		A (Control)						C (Group 3)
FIG 2: Showing the histology of the lungs (X400) for the control (A) and Group 3 (C). Control Group has normal histoarchitecture, while Group 3 (30 days Swiss) shows moderately distorted alveolar space (X), mild emphysema (P) and thick inter-alveolar septa (Y).
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			A						D
FIG 3: Showing the histology of the lungs (x400) for the control (A) and Group 4 (D). Control Group has normal histoarchitecture, while Group 4 (30 days Sunshine) shows slightly enlarged alveolar space (X) and thick inter-alveolar septa (Y).
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			A						E
FIG 4: Showing the histology of the lungs (X400) for the control (A) and Group 5 (E). Control Group has normal histoarchitecture, while Group 5 (60 days Airwick) shows significantly enlarged alveolar spaces (X) and thick inter-alveolar septa (Y).
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			A						F
FIG 5: Showing the histology of the lungs (X400) for the control (A) and Group 6 (F).  Control Group has normal histoarchitecture, while Group 6 (60 days Swiss) shows significantly enlarged alveolar spaces (X) and thickened inter-alveolar septa (Y).
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			A						G
FIG 6: Showing the histology of the lungs (X400) for the control (A) and Group 7 (G). Control Group has normal histoarchitecture, while Group 7 (60 days Sunlight) shows significantly enlarged and distorted alveolar spaces (X) and thickened inter-alveolar septa (Y).










   4.0 Discussion
This study evaluated the levels of Surfactant-D, interleukin-1β and tumour necrosis factor-α in albino rats exposed to some commonly used air-fresheners. The mean levels of surfactant D (p<0.001), Interleukin 1-β (p<0.001) and Tumour Necrosis Factor-α (p<0.001) were significantly higher in the groups exposed to the different air fresheners compared to the control group. The increased level of Surfactant- D is probably due to the destruction of the vascular endothelium as a blood–air barrier and/or an increase in vascular permeability due to lung inflammation (Murata et al., 2016). This is in line with the work of Sorensen, 2018, that suggested pulmonary intravascular leakage to be the cause of increased levels of SP-D during lung injury. It has been reported that lung injury and inflammation affect the physiological secretion of surfactant molecules in the epithelium of the lung (Elmore et al., 2023). A study showed that surfactant protein levels can be used as lung injury indicator. Healthy individuals showed normal SP-A and SP-D levels compared with the elevated levels in those with pulmonary fibrosis (Han and Mallampalli, 2015).
When they are inhaled, the constituents of the air-fresheners, such as volatile organic compounds, phthalates, etc, come directly in contact with the lung surfactants whose physiological function is to diminish surface tension in the alveoli at the air–liquid interface and inhibit its collapse at end-expiration (Han and Mallampalli, 2015). These volatile organic compound alters the surface tension in the lungs as well as the physiological environment of the cells in the lungs, and this may finally result in impairment of lung function (Zhao et al., 2019). The volatile organic compounds in air fresheners may also cause oxidative damage to the lung through upgrading levels of reactive oxygen species and reducing levels of antioxidant molecules (Wang et al., 2013).
The mean levels of interleukin-1 beta in the exposed rats were also significantly higher compared to the mean level in the control rats. This is probably due to the increase in the synthesis of these molecules caused by the exposure. This increase in IL-1β secretion could be due to the activation of the inflammasome pathway by volatile organic compounds (VOCs) and other pollutants from air fresheners (Song et al., 2014). The substances in air fresheners, such as volatile organic compounds have been reported to cause oxidative damage to the lung through the increased synthesis of pro-inflammatory cytokines and the decrease in the immune surveillance (D’Andrea and Reddy, 2018; Samadi et al., 2019). In other words, exposure to air freshener in animals can lead to an increase in the generation of free radicals (Airaodion et al., 2020). Another study by Olufunso et al., 2014 had also reported that some hydrocarbons in air fresheners can induce unfavourable cytokine profiling and possible predisposition to T-cell medicated injury. Interleukin-1 beta (IL-1β) has been reported as a key mediator in the initiation of the inflammatory responses in the diseases of the lung (Garon et al., 2020), it means that this increased levels can predispose to the development of pulmonary diseases in those exposed to the air fresheners. The increase in the interleukin 1 beta can also be due to the increased levels of Surfactant D protein. SP-D modulate inflammatory responses in the lungs. It can enhance immune responses (Alastair et al., 2021). When SP-D levels increase, it can bind to pathogen, increasing the activity of macrophages which can lead to increased production of reactive species and subsequently the release of pro-inflammatory cytokines (Sarah Sze et al., 2022).
Results from this study also indicates a significantly raised mean levels of TNF-α in the exposed rats compared to the control group. This could be due to the stimulation of TNF by the raised IL-1β (Dinarello, 2018). The increased TNF-α production may be due to the activation of inflammatory pathways. TNF-α can also stimulate the production of other pro-inflammatory cytokines (Garon et al., 2020). This result is in line with the work of Neurath (2014) that exposure to volatile organic compounds (VOCs) from air fresheners and other household products can influence TNFα levels. Model studies suggested that the expression of inflammation biomarkers (TNF-α and IL-β) can increase upon exposure to the oxidation products of volatile organic compounds found in air fresheners (Anderson et al., 2010). These findings agree with the work of Steinemann (2015), which had reported a similar observation. Raised SP-D levels can also cause an increase in the levels of the TNF-α (Sarah Sze et al., 2022).
Data from this study show no significant difference in the mean Surfactant-D levels (p=0.533), Interleukin-β (p=0.385) and Tumour Necrosis Factor-α (p=0.732) between the male and female rats. Noreen et al., 2012 showed in his work that there were no sex-related differences in lung architecture or expression of surfactant D protein. Although females have smaller lung sizes compared to males (Dominelli and Molgat-Seon, 2022), this does not cause any difference in their normal physiological function, even though females tend to be more predisposed to lung diseases (Pinkerton et al., 2015). This explains the non-significant difference in the mean levels of the parameters based on sex of rats.
The results on comparison of Surfactant-D, Interleukin 1-β and Tumour Necrosis Factor-α according to duration of exposure are also shown here. There was significant difference only in the mean interleukin 1-β levels (p<0.001). IL-1β plays a central role in mediating both acute and chronic inflammatory processes (Dinarello, 2018). The levels of interleukin 1-β remains elevated in chronic exposure because it plays a key role in sustaining the inflammatory response, even when the initial trigger persists or is unresolved. This may be due to consistent activation of the inflammasome by damage-associated molecular patterns and pathogen-associated molecular patterns leading to continuous cleavage and release of interleukin 1-β (Van de Veerdonk et al., 2011). During chronic inflammation, the body attempts to maintain immune homeostasis by keeping surfactant protein D and TNF- α at balanced levels. Production of anti- inflammatory cytokines such as IL-10 and TGF- β, as a regulatory mechanism during inflammation may suppress TNF-α and SP-D levels to maintain a balance between inflammation and tissue damage (Xu et al., 2019; Barnes, 2016)).
The histological analyses of lungs section of the exposed animals show areas of distorted alveolar space, emphysema and thickened inter-alveolar septa. According to Wang et al., (2013) the damage in the alveoli can be influenced by the presence of chemical compounds in air fresheners that can cause oxidative damage to the lungs. This damage can be seen in the structure of the alveoli that was distorted, thickened inter-alveolar space and emphysema. The longer the exposure, the wider the alveoli space. The present study is in agreement with the study of Dewi et al. (2015).  It was also reported that air fresheners affect the lungs histology negatively (Mohammed and Yakasai, 2017). 

5.0 Conclusion and Recommendation
The present study revealed that air fresheners used in this study negatively affect albino rats by causing increased levels of Surfactant-D protein, Interleukin-1 beta and Tumour necrosis factor alpha. Thus the results of the histological analyses revealed that air freshener exposure induced injury in the lungs of albino rats by causing alterations in the structural integrity of the histological sections. It is recommended that chronic exposure to air fresheners be minimized in order to prevent possible negative effects of their usage on lung tissues. Furthermore, there should be public enlightenment on the negative effects of chronic use of air fresheners.
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