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ABSTRACT. Air freshener is a product commonly used to reduce unpleasant odors. Air freshener contains
compounds containing chemicals such as terpenes, aldehydes (formaldehyde), ethanol, phenol, linalool,
citronellol, naphthalene, dibutyl phthalate (DBP), diisobutyl phthalate (DIBP), diisohexyl phthalate (DIHP)
and 1,4 dichlorobenzenes (benzene). The purpose of this study was to determine the effect of exposure to
liquid air freshener on the histology of alveolus, heart muscle, and brain in mice (Mus musculus). The
design of this research was to use a post-test-only control group design. The post-test was done by observing
the histology of the alveoli, heart muscle, and brain. After exposure to air freshener liquid as much as 3 ml
3 times a day for 6 weeks. The research subjects were 20 mice that were 2 months old. The data were tested
using One Way ANOVA statistical test followed by post hoc Tukey. The results showed that air freshener
had an effect on the alveoli (alveolar septum), the heart in the form of thinning of the heart muscle and there
was a change in the thickness of the brain layer. Based on the research, it can be concluded that liquid air
freshener affects the histology
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INTRODUCTION

Air freshener is a product that is quite improved in society. Air fresheners have a potentially
hazardous health impact, including the occurrence of sensory and respiratory irritation and lung
disorders. Air fresheners can react with ozone to produce secondary pollutants, such as formaldehyde
and secondary organic aerosols (SOA). Oxidative products and ultrafine particles. These pollutants
harm human health in many ways, such as damage to the central nervous system, changes in hormone
levels, etc. In particular, ultrafine particles can cause damage to various organs such as the lungs and
cardiovascular (Kim et al., 2015).

Air fresheners are composed of toxic chemicals that include limonene, aldehyde, benzene &
toluene. When these chemicals are emitted, chemical reactions of volatile organic compounds in air
fresheners with ozone change rapidly & produce potentially biohazard intermediates such as
formaldehyde & oxidative products & proceed to form secondary pollutants which cause adverse
health effects (Kim et al., 2015). Yuningtyaswari & Athika (2016) found out that air freshener
exposure at early age have a bad influence on the liver cells of white rat. Alshaer et al. (2019)
discovered some toxic chemicals in a sample of air freshener; lilial, galaxolide, benzenemethanol,
musk ketone, butylated hydroxytoluene, and linalool capable of causing irritation and other health
problems which were not revealed in the product's label. Hence, need to be free of toxic pollutants.

Chemicals contained in air fresheners can affect pulmonary function, namely Volatile Organic
compounds (VOC) and phthalates. Formaldehyde is part of the VOC compound which is a compound
that is harmful to pulmo. Formaldehyde can cause inflammation and can cause oxidative stress in
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pulmonary tissue. (2-ethyhexl) phthalate (DEHP) is a phthalate derivative that can cause
inflammation in the pulmonary alveoli due to oxidative stress. Phenol is a chemical that can cause
chronic inflammation in body systems, such as irritation to the eyes, skin, respiratory tract, and
mucous membranes. The most common reasons for chronic inflammation include autoimmune
disorders, such as lupus, where your body attacks healthy tissue. Exposure to toxins, like pollution or
industrial chemicals. Untreated acute inflammation, such as from an infection or injury. The presence
of certain social, psychological, environmental and biological factors has been linked to the
prevention of resolution of acute inflammation and, in turn, the promotion of a state of low-grade,
non-infective (sterile) systemic chronic inflammation (SCI) that is characterized by the activation of
immune components that are often distinct from those engaged during an acute immune response
(Furman et al., 2019).

This manuscript investigates the effect of liquid air freshener exposure on the histology of alveoli,
cardiac muscle, and brain in mice, which could offer an unanticipated and undiscovered risk. It
addresses the scientific and health perspectives, and it can provide policy direction to reduce the use
of harmful liquid air fresheners.

MATERIALS AND METHODS

This research was conducted at the Laboratory of Animal House Abduh Center Palembang and
Special Laboratory of Anatomical Pathology Dyatnitalis Palembang. This type of research is
quantitative research. This research was conducted under a post-test-only control group research
design. Consisting of three treatment groups and one control group with five replications with the
following details: Control group without treatment, P1 was given 3 ml of air freshener three times a
day for two weeks, P2 was given 3 ml of air freshener three times a day for four weeks, and P3 was
given 3 ml of air freshener three times a day for six weeks.

Experimental animals. The mice used were 2 months old before being treated. First, the mice
were acclimatized for 7 days at the Animal House Abduh Center Palembang. The mice were taking
place in the close cage that the air only from some hole from the cage.

Determination and preparation of air freshener treatment doses. Repeat doses were used in
this study in accordance with what the research had done. In rabbits, it is 1ml/kg BW. The dose will
be used for experimental animals (mice) by converting and calculating the dose conversion based on
the rabbit to mouse dose conversion table (Laurence et al., 2008). For liquid air freshener, exposure
is done with a spray bottle.

Grouping of test animals. Samples of 20 male mice were divided into control group (K) and
treatment group (PO, P1, P2 and P3). Each group consisted of 5 mice. The dosage of air freshener are
3ml/3 days, P1 for two weeks, P2 for four weeks and P3 for six weeks.

Organ (alveolus), heart and brain isolation. Mice were dissected 1 day after being given the
last treatment. All mice were killed by being anesthetized using chloroform, then the blood was
cleaned using the perfusion method and then the alveoli, heart and brain were taken. Then the organs
were put into a fixative, namely formalin, for making histological preparations. The parameters that
observe were the tissue of alveolar of lung, cardiac muscle and cerebrum from the brain of mice. Fix
tissue in 10% neutral buffer formaldehyde (NBF) solution or freshly prepared 4% paraformaldehyde
solution. Formaldehyde-based fixatives are preferred for long term tissue preservation and are known
to produce best results for sectioning, morphology (H&E), special stains and immunohistochemistry.
Tissue was cut into smaller pieces (max. 4-5 mm), tissue is completely immersed in the fixative.
Fixation must be performed for no more than 24-36 h depending on the size of tissue. Timing of the
exposure of a sample to the fixative was important and must be calibrated. Fixed tissue should be
transferred to PBS or 70% ethanol and sent for processing to prepare tissue blocks.

Histological preparation. Preparation was using the paraffin block method, with the
hematoxylin eosin (He) staining technique. Tissues processed into paraffin will have wax in the
cassettes; in order to create smooth wax blocks, the wax first needs to be melted away placing the
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entire cassette in 58°C paraffin bath for 15 minutes. Turn the heat block on to melt the paraffin one
hour before adding the tissue cassettes. Cassette opened to view tissue sample and choose a mold that
best corresponds to the size of the tissue. A margin of at least 2 mm of paraffin surrounding all sides
of the tissue gives best cutting support. Discard cassette lid. Put small amount of molten paraffin in
mold, dispensing from paraffin reservoir. Using warm forceps, transfer tissue into mold, placing cut
side down, as it was placed in the cassette. Transfer mold to cold plate, and gently press tissue flat.
Paraffin will solidify in a thin layer which holds the tissue in position. When the tissue is in the desired
orientation add the labeled tissue cassette on top of the mold as a backing. Press firmly. Hot paraffin
is added to the mold from the paraffin dispenser. Be sure there is enough paraffin to cover the face of
the plastic cassette. If necessary, fill cassette with paraffin while cooling, keeping the mold full until
solid. Paraffin should solidify in 30 minutes. When the wax is completely cooled and hardened
(30 min) the paraffin block can be easily popped out of the mold; the wax blocks should not stick. If
the wax cracks or the tissues are not aligned well, simply melt them again and start over. After the
paraffin block process, the staining with the hematoxylin eosin (He) staining technique (Sari, 2015).
The Organ that was observe the change of histology, the thickness of the tissue each from alveolar,
cardiac and cerebrum. For histology parameters of this research to examine distension (widening)
and destruction of the septum. Heart muscle in the treatment group, the occurrence of damage was
marked by thickening, bleeding and necrosis. The histology of the brain is characterized by thinning
of the cerebrum layer of the brain.

Microscopic observation. Histological observations were made on cross sections of the
alveolus, heart and brain for each treatment. From each slide, five visual fields were taken randomly
starting from the top left counterclockwise (Olympus CX21) with an objective magnification of
40x10. The photo results were then analyzed with the Image raster program to count of the change in
each organ, this process was carried out blindly.

RESULTS AND DISCUSSION

Alveolar histology results. The results of this study observed the histological appearance of the
alveoli in mice (Mus musculus) males with Swiss webster strain which were treated with exposure to
liquid air freshener showed changes and differences. Microanatomical structure of the alveoli from
several treatment groups the effect of liquid air freshener on the histological picture of the alveoli in
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Fig. 1. HE coloring 40x10 magnification, Olympus CX21: A. P0; B. P1; C. P2; D. P3.

Fig. 1 in treatment PO (without treatment). Normal criteria, in P1 treatment, there were changes
in the alveolus cells marked by widening and a little septal destruction compared to PO treatment. In
treatment P2 it was very clear that the cells were damaged, namely distension and treatment three
(P3), it was very clear that there was thinning between the cell walls (septal destruction) signs of
damage that could trigger emphysema. Alveolar cell changes with increased loosening of the alveolar
septum. Shows changes in the alveolar septum that is thinning. Shows that liquid air freshener has an
effect on the alveoli. Based on the changes that occur, then the test is carried out. That is normality
test using descriptive analysis, then the homogeneity of variances test was continued. Effect of
exposure liquid air freshener in the alveolar of Lung, P2 have the highest effect from P1 and P3
showed changed from every weeks observation, we can observe the data from Table 1 dan Fig. 2.
The thickness of the alveolar septal interstitium increased linearly with the increase in radius of
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curvature of alveoli. The increase in interstitial thickness in lungs with larger alveoli was paralleled
by large increases in the volume of collagen and elastin fibers present in this space. Comparable
changes in the thickness of connective tissue fibers in alveolar duct walls were also found.

Table 1. Mice alveolar septum thickness.

Groups Septum thickness (mm) Average
I Il ]

PO 0.06 0.02 0.03 0.03

P1 0.07 0.05 0.11 0.07

P2 0.09 0.19 0.09 0.12

P3 0.05 0.02 0.02 0.03

According to Table 1, it is known that liquid air freshener affects the thickening of the alveoli
significantly (P = 0.04). This means that liquid air freshener can affect the alveolar of lung. Therefore,
further tests were carried out to see the effect between treatments as Tukey post hoc test, affected but
not significantly (P=0,66) each group (Table 2).

Table 2. ANOVA and Tukey’s HSD test.

ANOVA test Tukey’s HSD
. Sum of Mean . a=0,05

Source of Varian Squares df Square Sig Groups n 1 2

Between Groups 017 3 006 4444 041 P3 3 03000

Within Groups 010 8 001 PO 3 0367 0367

Total 027 11 P1 3 0767 0767
P2 3 1233
Sig 422 066

Cardiac histology. In this study, changes in the histology of the heart of mice in the form of
thinning of cardiac muscle tissue. This observation uses a microscope with a magnification of 40x10.
Measurement of cardiac muscle tissue with 3 fields of view. The microanatomical structure of the
heart muscle from each treatment shows in Fig. 2.

Fig. 2. Cardiac muscle histology 40x10 magnification: A. PO; B. P1; C. P2; D. P3.

According to Table 3, it is known that liquid air freshener affects the thickening of the heart
muscle of mice significantly. Tukey post hoc test was conducted as Table 4.

Table 3. Mice heart muscle thickness.
Heart muscle thickness (mm)

Group | 1 I Average
PO 0.37 0.49 1.36 0.74
P1 0.35 0.27 0.53 0.38
P2 0.19 0.23 0.15 0.19

P3 0.09 0.08 0.14 0.10
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Table 4. ANOVA and Tukey’s HSD test.

ANOVA test Tukey’s HSD
Source of Varian g::;?efs df g/(ll euaanre F Sig Groups n (; =0,05 2 3
Between Groups 1.079 3 360 10.580 0.004 P3 3 -0.9976
Within Groups 272 8 034 PO 3 -0.7278 -0.7278
1.351 11 P1 3 -0.4334 -0.4334
Total 10.580 0.004 P2 3 -0.2027
Sig 0.343 0.280 0.463

Brain histology. Based on the results that have been obtained from the research, it can be seen
that there is a change, namely the impact that is shown, namely the thinning of the cerebrum layer of
the mouse brain. By using a raster image application and changes observed with a microscope with a
magnification of 40x10 with 3 fields of view, there are differences in each treatment group as
presented in Fig 3.
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Fig. 3. Histology a‘ir'hicAe' Bréiihhmagnification 40)210: A.PO; B. P1; C. P2; D. P3.

Table 5 shown that liquid air freshener affects the thickening of the lining of the brain in mice
significantly. Tukey post hoc test was conducted as seen in Table 6.

Table 5. The thickness of the lining of the brain in mice (Mus musculus)

Groups | 1 11 Average
PO 1.81 2.28 1.96 2.01
P1 1.57 1.52 1.66 1.58
P2 1.46 1.31 1.35 1.37
P3 1.28 1.41 1.18 1.29
Table 6. ANOVA and Tukey’s HSD test.
ANOVA test Tukey’s HSD
Source of Varian g:Taroefs f g/(lq E:Ja;e Sig Groups n (11 =005 5
Between Groups 0.950 3 0317 15.449  0.001 P3 P3 3 0.2900
Within Groups 0.164 8 0.020 PO P2 3 0.3733
0.114 11 P1 P1 3 0.5833
Total 0.950 3 0317 15.449  0.001 P2 PO 3
Sig Sig. 0.133

From the observation of the alveoli, it is seen that there is a decrease in distension, for the alveolar
septum it is very clear to experience changes, namely the thinning of the cell wall with other cell
walls. The septal destruction in the P2 group was very high compared to the P1 and P3 groups. From
the difference in values from the average table 1, it can be influenced by the presence of chemical
compounds in liquid air fresheners. When these chemical compounds (radicals) react with cells, they
will cause lipid peroxidation, membrane protein damage and DNA damage. Lipid peroxidation causes
a decrease in the fluidity of the membrane in the function of the membrane barrier, causing cell death
or cell apoptosis.
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Exposure to particles that concentrate in the air in the short and long term can cause pulmonary
inflammation in mice (Mus musculus). Such as the presence of emphysema which is defined as a
widening of the alveoli, alveolar ducts and the loss of the boundary wall between the alveoli and then
the widening of the alveoli due to cell death or cell apoptosis in the alveolar walls. Meanwhile,
destruction of the alveolar septum is damage to the alveolar walls in which there is damage to the
protein elastin and collagen of the epithelial membrane, which is marked by the thinning, atrophy of
the alveolar septum, and in some places, there is total damage to the alveolar septum (interalveolar
septum) which forms a round shape (Dewi et al., 2015).

Cell damage that occurs in the alveoli indicates that exposure to air fresheners made from
benzene derivatives has toxic properties due to the chemicals contained in liquid air fresheners. So
that the damage that occurs is not only seen in the alveolar structure which experiences distension
(widening), and destruction of the alveolar septum but also causes emphysema, so that if exposed to
liquid air fresheners with active ingredients such as benzene derivatives, phenols, ethanol, limonene,
aldehydes, the longer the exposure, the longer the exposure. alveolus widening and cell death.

Exposure to benzene has a harmful effect on the physiology of the respiratory system. Several
studies have found the carcinogenic effect of benzene exposure which can affect the epithelial cells
that line the respiratory system, bronchioles and alveoli causing a decrease in lung function
(Susantiningsi et al., 2014). As the results of research by Yuningtyas & Haryani (2015), the chemical
1,4-dichorobenzene (benzene) enters the alveolus through the inhalation route, this inhalation is an
important exposure route for toxic chemicals. Inhaled toxic substances make up most of the cells
lining the alveoli (type I and type 11 cells). Aerosols that settle mainly in the upper respiratory tract.
The distance or depth of penetration will increase as the aerosol size decreases, most of which will
collect in the lower airways. The deposited particles will be cleaned by a mucociliary mechanism.
Aerosols larger than 1 can reach the alveoli. Alveolus aerosol will be absorbed into the blood system
or cleaned by immune cells (macrophages) which will enter these particles. Acute exposure can cause
inflammation and decreased alveolar function. The presence of distension (widening) and destruction
of the alveolar septum is thought to occur due to the influence of air fresheners that damage proteins
and elastin fibers and other components in the alveolar septum. Alveolus exposed to air freshener
shows damage to emphysema caused by distension and destruction of the septum.

An imbalance of oxidants and antioxidants in the body that can cause oxidative stress and trigger
an inflammatory reaction, for locally exposed alveolar tissue. The inflammatory process can result in
pulmonary macrophages and infiltration of neutrophils which will cause inactivation of
antiproteinases, namely 1-AT, as a proteinase inhibitor in the lungs by making or producing
pulmonary elastase. This can damage the protein structure of the lung. Process through destruction
of the alveolar septum. The elasticity of the lung parenchyma tissue is disturbed, such as changes in
the structure and function of the lung tissue (Rohmani, Nur and Aulia, 2018).

The results of the acquisition of the observed parameters showed that there was a change marked
by the presence of alveolar distension (widening) and destruction of the alveolar septum. Damage to
the alveoli with increasing dose. The control value was always better than the P1, P2 and P3
treatments because the control was without air freshener and the control was used as a comparison
for the treatment. The presence of distension (widening) and destruction of the septum which causes
the alveoli to be damaged will result in cell death or cell apoptosis. Observations on the heart organ
on the effect of liquid air freshener in the control treatment showed normal, in the P1 treatment the
heart muscle tissue was slightly thinned, in the P2 and P3 treatment it showed that the heart muscle
tissue in the mice was getting thinner and there was necrosis (damage to cells).

Judging from the difference in thickness values, it may be influenced by chemical compounds
contained in liquid air fresheners that can affect the performance of the heart muscle. Chemical
compounds present in air freshener can affect the thickness of heart muscle tissue and can cause
necrosis in the group exposed to the air freshener which was thinner than the control group (P0)
without exposure to the air freshener. Several studies have shown that air freshener has a direct toxic
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effect on the heart muscle is phenol. Heart damage due to this phenol as a result of hypoxia as well
as damage to cells. Phenol is a free radical that can oxidize nucleic acids, causing damage and cell
death. Phenol compounds can also interfere with oxygen transport to the muscle mitochondria in the
myocardium layer by binding to myoglobin which can cause oxidative stress in heart muscle cells so
that it can cause cell death. Cell death in the form of necrosis or apoptosis is characterized by changes
in typical cell nuclei, namely pyknosis, karyorexia, and karyolysis. Nuclei that undergo pyknosis will
shrink, dark in color, irregular boundaries and clumping of chromatin occurs on hematoxylin-eosin
(HE) staining to become basophilic (Tursinawari, 2017). The result of this research showed changed
from histology that the tissue thickness because the toxic effect from liquid air freshner.

According to Damayanti (2016), chemicals can cause changes to cell function and cells become
damaged and die, so cells will adapt. The cell response can be reversible, i.e. the cell undergoes
morphological changes but the cell does not die. One form of cell adaptation response is atrophy.
Whereas the process of cell adaptation in which the organ or tissue that is formed grows to reach
normal limits but then experiences shrinkage. If there is an infection of the heart muscle, it can affect
the need for oxygen and nutrients needed by the whole body. This infection can cause cell death in
the form of necrosis and apoptosis of heart muscle through oxidative stress and inflammation
mechanisms. Physiological changes that occurred in mice after the exposure was finished showed
different reactions after each treatment. Mice (Mus musculus) will experience a loss of appetite for a
while after spraying, mice will drink more, and look less active or look weak. Another condition is
that mice scratch their bodies more often.

Air fresheners are said to be the main contributor to poor indoor air quality with a risk factor
ranging from 2.7%. The use of air fresheners is used to cover unpleasant odors, with the aim of
creating a pleasant taste in the room. Even so, the presence of chemical substances contained in air
fresheners can interfere with air quality. The content in air fresheners contains volatile organic
compounds, which can stimulate the olfactory nerve. Along with its use, it is increasingly being used
at home and other public facilities (Afighor et al, 2019). The weakness of air freshener products
produced by factories or synthetic air fresheners is their high chemical content, so it can be said that
these products are not environmentally friendly and have a bad impact on human health that is
exposed (Dewa & Mozes, 2014). One of them was proven in the study of Steinemann, et.al (2020),
which showed that there were 133 VOCs (Volatile Organic Compounds) released by 25 samples of
air freshener products which were classified into toxic, dangerous and carcinogenic compounds.

The brain is the most important organ because it is an organ that has a coordinating function.
Failure of brain development will result in disruption of almost all body functions because the
formation of brain organs is the earliest to be formed, but finishes its formation last (Irnidayanti et al,
2010). This tendency to decrease brain weight is also thought to be caused by a decrease in overall
development. Abnormalities of brain development, especially in the cerebrum in the form of thinning
of the cerebral cortex at 13 days is a time of very rapid cerebrum development, so that if there are
toxic substances that enter the brain, it will affect the thickness of the brain layer (Setiawan et al,
2013). In the early stages of brain development, the brain is not yet covered by a protective membrane.
The protective membranes of the fetal brain and liver are more permeable to chemicals. In addition
to being caused by the death of neuroepithelial cells, a decrease in brain weight or a decrease in the
size of the cerebrum is also caused by a decrease in the number of brain cells that are able to proliferate
or a decrease in protein due to inhibition of DNA and RNA synthesis (Setiawan et al., 2013).
Prolonged contact with the use of air freshener can cause side effects on health such as
neurobehavioral disorders and an increase in oxidative stress that can change in the exposed mouse
brain (Mus musculus) and can cause behavioral changes, memory loss, anxiety and can disrupt the
dopaminergic system. The mechanism underlying neurobehavioral disorders caused by exposure to
chemicals contained in air fresheners (Umukoro et al., 2019).

The process of entering or detecting a chemical substance or odor that can reach the brain starting
from the sense of smell. In this case the compound will be able to enter through the nasal cavity then
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will walk into the olfactory gap and will bind to the olfactory receptors on the olfactory epithelium
(Fjaeldstad, 2018). The mechanism by which ethanol induces brain neuronal apoptosis is still unclear,
but the neurotoxic effects mediated by increased oxidative stress may be due to ethanol. Many studies
have shown the neurotoxic effect of ethanol on the central nervous system, both mature and
developing. Damage due to ethanol in adult brain organs or causes cognitive deficits such as learning
and memory disorders (Yunus & Dwi, 2012).

Several studies have linked it to oxidative stress which induces the formation of free radicals that
cause cell damage and cell death. Low concentrations of antioxidants can cause brain tissue to be
susceptible to damage by oxidative stress. The cerebellum and hippocampus are the parts of the brain
that are most susceptible to damage by oxidative stress because they have low antioxidant activity.
Further research can examine molecular base of the tissue from mechanism of receptor to prevent the
tissue from the damage of air freshener, regeneration of the cell, apoptosis pathway.

CONCLUSION

It can be concluded that effect of exposure to liquid air freshener on the histological picture of
the alveoli (alveolar septum) in the treatment group showed a marked damage with distension
(widening) and destruction of the septum. For histology of heart muscle in the treatment group, the
occurrence of damage was marked by thickening, bleeding and necrosis. The histology of the brain
is characterized by thinning of the cerebrum layer of the brain. P3 is the group that most shows signs
of septal destruction, and damage to the heart muscle is characterized by thickening, bleeding and
necrosis. The thinning of the cerebrum layer of the brain is caused by the effects of air freshener
exposure.
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