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Abstract
Background

Although the damaging effect of inhaled smoke on the respiratory system has been widely reported, there are relatively few studies on the effects of inhaled
smoke on the nasal mucosa and olfactory bulb. In this study, we observed the activities of adult rats chronically exposed to different concentrations of PM2.5
and analyzed its effects on the olfactory function and the expression of in�ammatory factors in the serum, nasal mucosa, and olfactory bulb of rats.

Methods

SD rats were randomly divided into normal control, low-smoke, middle-smoke, and high-smoke groups. The groups exposed to different concentrations of
PM2.5 smoke were treated with smoke environment intervention for 4 h twice daily for 90 days, while the normal control group was fed routinely,After 90 d,the
behavior of in the food-seeking glomeruli of rats was analyzed. The contents of IL-1β, IL-6, and TNF-  in the serum, nasal mucosa, and olfactory bulb of rats
were determined by ELISA, and the correlation between them was analyzed. taken for HE staining and TUNEL detection to observe the pathological damage of
the nasal mucosa and olfactory bulb.

Results

After a series of tests, we found that Long-term exposure to the low, medium, and high concentrations of moxa smoke can cause pathological changes in the
nasal mucosa, increase the number of apoptotic cells in the nasal mucosa and olfactory bulb, and increase the expression of IL-1β, IL-6, and TNF-  in the
serum, nasal mucosa, and olfactory bulb. Simultaneously,The behavior of the rats also changed. The rats in the medium and high concentrations of moxa
smoke searched for food longer, traveled shorter distances and slowed down.

Conclusion

Long-term exposure to medium and high concentrations of moxa smoke can decrease the olfactory sensitivity of rats.

Background
Odor is the main sensory function that plays an important role in recognition, alarm, appetite, and emotion. This function is mainly performed by the olfactory
system. Chemical molecules can be transmitted to the olfactory nerve through the transformation of olfactory cells in the olfactory mucosa. The olfactory
nerve will continue to transmit the signal to the brain in the olfactory bulb. The nasal mucosa and olfactory bulb not only play an important role in regulating
the sense of smell in the olfactory system [1] but also in physiological functions such as appetite regulation, lactation, response to adverse environments, and
social interaction [2–3]. The nasal mucosa and olfactory bulb contain several afferent sensory cells and can be directly exposed to adverse external stimuli,
such as smoke. Therefore, the damage of nasal mucosa and olfactory bulb caused by long-term inhalation of smoke may affect its sensory function. Injuries
due to smoke inhalation are mainly caused by the inhalation of byproducts of combustion, such as PM2.5, carbon monoxide, cyanide, and other toxic gases
[4–5]. The damage to the respiratory system due to smoke inhalation has been widely reported [6], but there are relatively few studies on the olfactory and
central nervous system caused by long-term smoke inhalation. Long-term smoke inhalation has a greater impact on the nasal mucosa and olfactory bulb [7–9].
Smoke will �rst enter the body directly through the nasal mucosa and olfactory bulb to affect the olfactory system. A research group observed the content of
�ne particles (PM2.5) at a moxibustion clinic in the early stage [10], based on which the different concentrations of moxa smoke for animal experiments were
determined, and the effects of different concentrations of PM2.5 moxa smoke on the heart, lung, and brain function of rats were observed [11–12]. Based on the
previous experiment, the effects of moxa smoke with different concentrations of PM2.5 on rats were observed through a 90-day smoke environment
intervention experiment. The behavior of buried food pellet test (BFPT) and the pathological changes of the nasal mucosa and olfactory bulb were evaluated,
and the changes in and correlation between IL-1β, IL-6, and TNF-α in serum, nasal mucosa, and olfactory bulb were analyzed. The effects of different
concentrations of PM2.5 on the olfactory function of rats are discussed.

Materials And Methods
1.1 Animals and groups.

A total of 40 healthy normal SD rats, 20 male and 20 female, were selected for the study. The mean body weight was (190 ± 10) g. The rats were provided by
the Anhui Experimental Animal Center, animal license number: SCXK (Wan) 20190003. The animals were fed adaptively in the animal room of the key
laboratory at the Anhui Provincial Department of Education for three days. The temperature was (27 ± 1)°C and the humidity was (55 ± 5) %. The bedding, feed,
and drinking water were replaced every day. The experimental process strictly followed the "guiding opinions on being kind to Experimental Animals" issued by
the Ministry of Science and Technology of the People's Republic of China (2006). The rats were randomly divided into normal control group, low PM2.5
concentration moxa smoke environment group (low-smoke group), medium PM2.5 concentration moxa smoke environment group (middle-smoke group), and
high PM2.5 concentration moxa smoke environment group (high-smoke group), with 10 rats in each group. According to a previous study, the PM2.5
concentration of moxa tobacco in the low-smoke, middle-smoke, and high-smoke groups was controlled at 0.11 ± 0.05 mg/m3, 0.23 ± 0.05 mg/m3, and 0.53 ± 
0.05 mg/m3, respectively.ELISA kits for IL-1β, IL-6, and TNF-α (Wuhan Genmei Technology Co., Ltd., batch number: GR2020–05), three years 3:1 Chen moxa
(18 mm × 200 mm Shanghai Taicheng Science and Technology Development Co., Ltd.), three cuboid plexiglass moxibustion boxes with a volume of 100cm ×
80cm × 125cm, enzyme labeling instrument (Lei she, model: RT-6000), optical microscope (Japanese OLYMPUS, model: BX53), centrifuge (Anhui Jiawen,
model: JW3021HR), slicing machine (Thermo Fisher Scienti�c), Whirlpool mixer (its Limbell instrument manufacturer, model: GL-88B), and in situ apoptosis kit
(TUNEL-AP Roche company, batch number: 110919200312) were used for the experiment.
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1.2 Main reagents and instruments

1.3 Model replication

According to the previous study of our group [9], three special cuboid plexiglass moxibustion boxes (except the bottom edge, each side has four symmetrical
holes with a diameter of 10 mm, see Fig. 1), according to the setting of PM2.5 concentration in previous experiments, the moxa smoke environment (high,
medium and low moxa smoke concentration) was simulated by opening and closing the holes. Box 1 as a high concentration moxibustion box left 2 holes on
the left and right side of the mg/m3, box, and the other holes closed to adjust the moxa smoke concentration in the box, while box 2 as a medium
concentration moxibustion box left 2 holes on the left, right and top of the mg/m3, box, and the other holes were closed to adjust the moxa smoke
concentration in the box. Box 3 was used as a low concentration moxibustion box. The concentration of mg/m3, box was 0.11 ± 0.05.There were 4 holes on
the left, right and top of the box, and the rest of the holes were closed. Close the doors and windows of the laboratory, open the indoor ventilation, set the air
conditioning temperature at 25 ℃, light 3 common moxa bars with a diameter of 1.8cm, insert them into the moxibustion box, put the moxibustion box in the
middle of the three speci�c moxibustion boxes, and close the door of the box. The moxa smoke concentration in the moxibustion box was detected by the
environmental particulate matter sampler. When the moxa smoke PM2.5 concentration reached the corresponding concentration, 10 rats in the low smoke
group, middle smoke group and high smoke group were put into the moxibustion box. The rats were observed every 0.5 hours. In order to prevent the "stacking"
phenomenon, the rats were forced to move in the cage by beating the moxibustion box with a stick. After the burning of moxa sticks (1.5 h),), the new moxa
sticks were lit and inserted into the moxibustion box. The time of each fumigation and moxibustion was set at 4 hours. after the experiment, the rats were
taken out, put back to the animal room, �lled with water, and the window was opened for ventilation. the experiment lasted 3 months, twice a day. The rats in
the normal control group were fed without intervention every day during the experiment.

1.4 Observation indicators and detection methods.

Because of the death of rats during the process of modeling, eight rats in each group were randomly selected for detection.

The levels of IL-1β, IL-6, and TNF-α in the rat serum were detected by ELISA. Brie�y, the blood from the abdominal aorta of the rats was placed in an
anticoagulant tube at 4°C and centrifuged at 3000rpm for 15 min, and the supernatant was separated. The samples were processed strictly according to the
instructions of the corresponding kits for IL-1β, IL-6, and TNF-α, and the absorbance (OD value) was determined using the enzyme-labeling instrument at a
wavelength of 450nm. The levels of the above indices in serum samples of each group were calculated from the standard curve and then analyzed
statistically.

Then, histopathological examination of the nasal mucosa and olfactory bulb was performed. Brie�y, after the rats were killed, the nasal mucosa and olfactory
bulb of each group were �xed with polyformaldehyde for 48 h, rinsed with distilled water for 10 min, dehydrated in ethanol gradient (50%, 75%, 85%, and 95%)
for 1.5 h, dipped in xylene for 30 min each time, embedded in para�n, and sectioned to a thickness of 4 µm. The sections were then subjected to hematoxylin-
eosin (HE) staining. Brie�y, the sections were baked in a constant temperature oven at 65°C for 30 min and dewaxed by soaking in xylene I and xylene II for 15
min each. The dewaxed sections were then hydrated by soaking in 100, 95, 85, and 75% ethanol for 5 min each and rinsing for 10 min with tap water each
time. The slices were then placed in distilled water and an aqueous solution of hematoxylin for 5 min, followed by color separation in ammonia for 2 min. The
slides were then rinsed in running water for 15 min and dehydrated for 10 min each in 70% and 90% ethanol. Then, the slices were stained with ethanol eosin
dye 1 for 2 min and dehydrated using absolute ethanol, made transparent by placing them in transparent xylene twice for 3 min each, sealed using neutral
gum seal, and put in an oven at 65°C for 15 min. Finally, the routine pathological changes of the nasal mucosa and olfactory bulb were observed and
photographed under a light microscope.

The apoptotic cells in the nasal mucosa and olfactory bulb of each group were detected by TUNEL staining according to the following procedure: 1) Para�n
sections were dewaxed in water thrice for 10 min each using the standard technique and then washed using PBS. 2) The sections were then digested in
trypsin at 37°C for 30 min and washed thrice in PBS for 10 min each. (3) The labeling solution was then added, incubated at 37°C for 1 h, and washed using
PBS thrice for 10 min each. 4) The sections were then incubated at 37°C for 30 min and washed with PBS and AP thrice for 10 min each. 5) The sections were
then subjected to NBT/BCIP coloration. (6) Finally, the sections were dehydrated in an alcohol gradient, made transparent in xylene, sealed, and observed
under a light microscope. For the negative control, PBS was used instead of labeling solution in step 3.

The olfactory behavior of the rats was analyzed using the buried food pellet test (BFPT) [13].

(1) Training stage: According to the surface 0.5cm, the rats were put into the restricted rats to �nd food, and the rats in each group were given adaptive training
for three days.

(2) Examination stage: after three days of adaptive training, behavioral tests were conducted on each group. To avoid the in�uence of circadian rhythm, the
experiment began at 6:00–8:00 pm (fasting for 24 h before the experiment). The feeding time (T value), activity distance, and average speed of rats in each
group were recorded. A feeding time of more than 300s indicated impaired olfactory sensitivity of the rats.

1.5 Statistical analysis

Statistical analysis was carried out using the statistical software SPSS version 22.0 and GraphPad Prism version 8. The data were expressed by mean ± 
standard deviation ( x ± s). If the measurement data were in line with normal distribution and met the homogeneity of variance, the single-factor analysis of
variance (one-way ANOVA) was used for the analysis, selecting the least signi�cant difference (least signi�cant difference, LSD) method according to the
variance results. For data that were not normally distributed, the non-parametric (rank-sum) test was used. The difference was statistically signi�cant at p-
values of < 0.05.Loading [MathJax]/jax/output/CommonHTML/jax.js
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2 Results

2.1 Observations of the general state of rats
Before the experiment, there were no signi�cant differences between the groups in fur appearance, behavior, cage activity, feedback to external stimulation,
mental state, second stool, diet, and drinking water. Forty-�ve days before the rats became active in the smoke environment, the behavioral activity of the rats
in the smoking group became yellow, and the amount of water consumed was higher than that in the normal group, and there was no difference in behavioral
activity, response to stimulation, mental state, and stool. After 45 days of activity in the smoke environment, there was no signi�cant difference between the
low-smoke group and the normal control group, but the activity, the response to stimulus, and the mental state of the rats in the middle-and high-smoke groups
were weaker than those in the normal control group.

2.2 Comparison and analysis of correlation of in�ammatory factors in the serum, nasal mucosa, and olfactory bulb of rats in each group detected by ELISA

Figure 2 respectively shows the levels of IL-1β, IL-6, and TNF-α in the serum of rats in each group were detected by ELISA. The levels of IL-1β, IL-6, and TNF-α in
the low, middle, and high-smoke groups were signi�cantly higher than those in the normal control group (P < 0.01). There was a positive correlation between
the concentrations of proin�ammatory factors and smoke (P < 0.01). There was a correlation between the concentrations of in�ammatory factors in the serum
and nasal olfactory bulb (P < 0.0001).(Figs. 2)

2.3 Observations of the structural changes of the olfactory bulb in the nasal mucosa of rats in each group

The results of the HE staining of the nasal mucosa of rats in each group indicated that the hierarchical structure of the nasal mucosa in the normal control
group was clearer and neatly arranged than that in the smoking groups, the surface was covered with cilia, and a few in�ammatory cells could be seen under
the mucosa. The hierarchical structure of nasal mucosa in the low-smoke group was arranged and neatly covered with cilia, and the number of submucosal
in�ammatory cells was signi�cantly higher than that in the normal control group. In the middle-smoke group, the mucosal epithelial structure was unclear,
disordered, necrotic, and with severe in�ammatory cell in�ltration. In the high-smoke group, the nasal mucosa was congested and edematous; the structure
was unclear and disordered, there were large areas of necrosis, with severe in�ammatory cell in�ltration under the mucosa. HE staining of the olfactory bulb in
each group showed no signi�cant differences between the groups (Fig. 3).

2.4 Detection of apoptosis in the nasal mucosa and olfactory bulb of rats in each group by TUNEL

The apoptosis of the nasal mucosa and olfactory bulb of rats in each group was detected by TUNEL staining. Under the microscope, it was observed that the
number of apoptotic cells in the low, middle, and high-smoke groups was higher than that in the normal control group, and that in the high-smoke and middle-
smoke groups was signi�cantly higher than the low-smoke and normal control groups (P < 0.01). There was no signi�cant difference between the low-smoke
and normal control groups (P > 0.05). (Figs. 4)

2.5 Observation of the olfactory behavior in rats.

The results of the buried food experiment revealed a signi�cant difference between the middle-smoke, high-smoke, and the normal control groups in 300s (P < 
0.01), and no signi�cant difference between the low-smoke and normal control groups (P > 0.05). The activity distance of rats in each group indicated that the
activity of the middle-smoke and high-smoke groups was signi�cantly lower than that of the normal control and low-smoke groups (P < 0.01). Comparison
between the speed of movement of rats in each group indicated no signi�cant difference between the high-smoke and middle-smoke groups (P > 0.05),
whereas a signi�cant difference was observed between the high-smoke and normal control or low-smoke groups (P < 0.05). (Fig. 5)

Discussion
The effect of the inhalation of combustion smoke on body respiration has been widely reported, but research on the olfactory system is relatively insu�cient.
Studies have demonstrated that [14] the damage from inhaling combustion smoke mainly arises from the inhalation of toxic gases in combustion byproducts,
such as carbon monoxide, tar, and some ultra-�ne particles (PM2.5 or PM10). These substances can enter the body through the olfactory system and cause
adverse effects [15–17] such as damaging the innate immune barrier. The effect of in�ammatory stimulation on the clearance of respiratory pathogens and
toxic particles is caused by the destruction of the normal respiratory epithelium in the body's mucosal immunity and cilia swing, and under the in�uence of a
large number of oxides and free radicals in smoke, the epithelial cells can undergo oxidative stress, induce the apoptosis of olfactory epithelial cells, disrupt
the close arrangement of cells, and cause epithelial damage. Furthermore, under long-term smoke stimulation, the inherent ability of the respiratory barriers
such as mucosal epithelium and cilia to clear harmful substances is weakened, and the continuous accumulation of pathogens leads to respiratory tract
infections and the continuous development of in�ammation [18].

It has been reported that [19] smoke can promote the expression of proin�ammatory cytokines such as TNF-α, IL-6, IL-1, and IL-8, as well as reduce the content
of anti-in�ammatory factors such as IL-2 and IL-10. Acute inhalation of combustion smoke even causes pathological changes in the retina, cerebellum, and
hippocampus of adult rats [20], as well as increases the vascular permeability and expression of in�ammatory factors and chemokines in the olfactory bulb of
rats, causing edema and pathological morphological changes to the olfactory bulb [21]. The ultra-�ne particles constituting PM2.5 may be an important aspect
of this process. Studies have demonstrated that [15] ultra-�ne particles (PM2.5) can enter the olfactory epithelial cells through the olfactory pathway and then
transport to the olfactory bulb, the olfactory cortex, and other brain tissues. The epidemiological investigation also reported that exposure to different
concentrations of ultra-�ne particulate matter was closely associated with the incidence of olfactory disorders in the population [22]. In 2006, an investigation
on the olfactory function following exposure to air pollution reported that residents in low-pollution areas (Tlaxcala city) had better olfactory recognition
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function and that the olfactory function of young people was more easily affected by air pollution compared to that of the elderly population. An earlier report
documented that [23–25] the histopathological observation of nasal biopsies in young people in Mexico City with severe air pollution showed basal cell
proliferation, squamous metaplasia, and epithelial dysplasia in the front of the middle turbinate. In a subsequent investigation and biopsy, it was observed
that apart from the destruction of the olfactory bulb, �ne particles were also found in the olfactory nerve and olfactory bulb tissue of residents of the high-
pollution areas of Mexico City. Similarly, the levels of in�ammatory molecules (IL-1β and CD14) in the olfactory bulb also increased signi�cantly. In summary,
in the areas that were seriously polluted by air particulates and heavy metals in smoke, the accumulation of �ne particles in the olfactory bulb occurs easily
and causes a local in�ammatory reaction and neuropathological changes, indicating that smoke pollutants can damage the olfactory system through some
mechanisms. Studies have demonstrated that [26–27] there are ultrastructural changes in the olfactory mucosa of rats with dysosmia, obvious apoptosis in the
olfactory epithelium and lamina propria, thinning of the olfactory epithelium, decrease in the nuclear layer of sensory neurons, and so on.

Moxibustion, mainly through burning moxa hair or columns, directly or indirectly stimulating the acupoints on the body surface, and using the conduction of
meridians for the treatment, is an ancient means for the prevention and treatment of diseases in China. Moxibustion has the functions of warming the
meridians, invigorating the positive, and dispelling evil. Moxa smoke, which belongs to a type of burning smoke, is produced during the process of
moxibustion therapy. A large amount of smoke produced during combustion contains more than 200 chemical components, of which the main products are
carbon monoxide, tar, some ultra-�ne particles (PM2.5/PM10), and other substances [28–31]. Studies have con�rmed that [32] long-term moxa smoke
environment often exposes acupuncture practitioners and patients to smoke, and the human body will show varying degrees of eye irritation, cough, and
throat discomfort, which can increase the sense of tiredness. It will have a certain impact on people's physique, breathing, olfactory system, suggesting a
positive correlation. In a previous study [33], we observed that different concentrations of moxa smoke could change the ultrastructure of the olfactory bulb in
rats. This indicates that smoke pollutants can damage the olfactory system through some mechanisms. Hence, this experiment was based on the content of
PM2.5 as the standard to distinguish the concentration of environmental particulates in the previous study [10], and low, medium, and high concentrations of
moxa smoke were obtained by controlling the content of PM2.5 in a glass moxibustion box. The effects of different concentrations of PM2.5 on the olfactory
function and the expression of in�ammatory factors in serum, nasal mucosa, and olfactory bulb of rats were analyzed.

As an olfactory-sensitive animal, rats mainly �nd food through smell. We used a classical olfactory evaluation method (BFPT) to evaluate the rats’ sense of
smell. By comparing the time taken by the rats in each group to search for food (T value), it was observed that rats exposed to medium and high
concentrations of smoke could not �nd food within the prescribed 300s and had weak activity and exploration ability. Rats in the normal control group and
low-smoke group could �nd food within the prescribed 300s and had a strong ability of activity and exploration. From this experiment, we concluded that long-
term exposure to medium or high concentrations of smoke will damage the rat’s sense of smell and reduce its smelling sensitivity. In the HE sections of the
nasal mucosa and olfactory bulb of rats in each group, it was observed that compared to the low-smoke and the normal control groups, the nasal mucosa of
the middle and high-smoke groups were congested and edematous, the structure was unclear and disordered, necrotic, and the in�ltration of in�ammatory
cells under the mucosa was more severe, while there was no difference in the HE sections of the olfactory bulb in each group. When the apoptosis of nasal
mucosa and olfactory bulb cells was detected by TUNEL, we observed that the apoptosis of nasal mucosa and olfactory bulb cells in low, middle, and high-
smoke groups, particularly the middle and high-smoke groups, was signi�cantly higher than that in the normal control group. The results indicated that the
moxa smoke environment could damage the inherent structure of the nasal mucosa and olfactory bulb cells of rats, especially at medium and high
concentrations of moxa smoke. In a study on the signi�cance of proin�ammatory cytokines in the nasal mucosa and olfactory bulb injury, we observed that
proin�ammatory cytokines such as IL-1β, IL-6, and TNF-α increased by different degrees in the stress reaction, operation and trauma, and the degree of trauma
was correlated with the level of cytokines,Some studies have also demonstrated that [34] TNF-α can destroy the integrity of the porcine respiratory epithelial
barrier, which is consistent with the fact that the increased expression of TNF-α in human chronic sinusitis patients can damage the integrity of nasal mucosa
epithelium. Moreover, TNF-α can also induce the activation of IL-1β, IL-6, and other in�ammatory factors. A study [35] compared the nasal mucosa of patients
with chronic sinusitis with that of healthy people and reported that IL-1β and IL-6 were highly expressed in the nasal mucosa of patients with chronic sinusitis.
Therefore, we suggest that these three cytokines are associated with nasal mucosal injury. From the results of ELISA, we observed that the expressions of IL-
1β, IL-6, and TNF-α in the serum, nasal mucosa, and olfactory bulb of the low, middle, and high-smoke groups were signi�cantly higher than those of normal
control groups, which may be the cause of persistent in�ammatory reaction in local tissue, aggravating tissue in�ammatory reaction, and affecting the
recovery of tissue structure.

The purpose of this study was to evaluate the olfactory behavior of rats, observe the pathological structure and apoptosis of nasal mucosa and olfactory bulb,
and monitor the levels and correlations between the proin�ammatory factors IL-1β, IL-6, and TNF-α in the serum, nasal mucosa, and olfactory bulb of rats in
each group, to further explore the effects of different concentrations of PM2.5 smoke on the olfactory function of rats. In the food search experiment, there
was no signi�cant difference in the olfactory sensitivity between rats exposed to low concentration of PM2.5 and the normal control group, but in rats exposed
to medium and high concentrations of PM2.5, the olfactory sensitivity decreased, the structure of nasal mucosa changed, the apoptosis of nasal mucosa and
olfactory bulb cells increased, and the expression of in�ammatory factors IL-1β, IL-6, and TNF-α increased. It is suggested that the olfactory function of rats is
damaged, and the olfactory sensitivity of rats is decreased by prolonged exposure to a moxa smoke environment with medium and high concentrations of
PM2.5.

Conclusions
In conclusion, the long-term exposure to medium and high concentrations of moxa smoke can decrease the olfactory sensitivity of rats.

Abbreviations
BFPT
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the buried food pellet test;TNF-α:Tumor necrosis factor-α; IL-6:Interleukin-6; IL-1β:Interleukin-1β; ELISA:Enzyme-linked immunosorbent assay;PM2.5-10:Coarse
Particulate Matter;TUNEL:TdT-mediated dUTP Nick-End Labeling;HE:hematoxylin-eosin staining
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Figure 1

Self-made moxibustion box
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Figure 2

a Analysis and comparison of the expression of TNF-α and its correlation in the serum, nasal mucosa, and olfactory bulb of rats in each group (

x ± s, n = 8pergroup . Note: A, B, and Crepresentserum, nasalμcosa, and olfac → rybb
̲
, respectively. Thec or relationanalysisofserum,

x ±s, n = 8 per group). Note: (A, B, and C represent serum, nasal mucosa, and olfactory bulb, respectively. The correlation analysis of serum, nasal mucosa, and
olfactory bulb in the Drecoy Epene F group was compared with the normal group (**P < 0.01), low-smoke group (##P < 0.01), and middle-smoke group (▽▽P <
0.01). c Analysis and comparison of the expression level of IL-6 and its correlation in serum, nasal mucosa, and olfactory bulb of rats in each group (`x ±s, n =
8 per group). Note: (A, B, and C represent serum, nasal mucosa, and olfactory bulb, respectively. The correlation analysis of serum, nasal mucosa, and
olfactory bulb in the Drecoy Epene F group was compared with the normal group (**P < 0.01), low-smoke group (##P < 0.01), and middle-smoking group
(▽▽P < 0.01).

Figure 3

Pathomorphological observations of the nasal mucosa (HE, × 100) and morphological observation of the olfactory bulb (HE, × 2) in each group Note (1): the
pathological sections of the rats in the smoking groups (groups A, B, C, and D represent normal control, low-smoke, middle-smoke, and high-smoke group,
respectively) indicated that the columnar ciliated epithelium of nasal mucosa was disordered, with adhesion, even shedding (red arrow), irregularly arranged
tissue cells, obvious widening of the intercellular space, thickening of the basement membrane (green arrow), and accumulation of several in�ammatory cells
(yellow arrow). Scale = 50.0um. Note (2): E represents the six well-delineated layers of the olfactory bulb, namely, nerve �ber layer (NFL), glomerular layer (GL),
outer plexiform layer (EPL), mitral valve cell layer (ML), inner plexiform layer (IPL), and granular cell layer (GCL). Scale = 500.0um.

) (
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Figure 4

a Observation of apoptotic cells in the nasal mucosa of rats in each group (TUNEL, × 50). Note: A, B, C, and D represent normal control, low-smoke, middle-
smoke, and high-smoke groups, respectively. Figure 5 left red arrow indicates apoptotic cells; Figure 5 right E shows the statistics of apoptotic cells in the
nasal mucosa of rats in each group, compared with the normal control group, **P < 0.01, low-smoke group, ##P < 0.01, and medium-smoke group, ▽▽P <
0.01. b. Observation of apoptotic cells in the olfactory bulb of rats in each group (TUNEL, × 50). Note: A, B, C, and D represent normal control, low-smoke,
middle-smoke, and high-smoke groups, respectively. The red arrow indicates apoptotic cells, the right of Figure 6 shows the statistics of the rate of apoptosis
of the olfactory bulb in each group, compared with the normal control group, ** P < 0.01, low-smoking group, # # P < 0.01, and middle-smoking group, ▽▽P <
0.01.
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Figure 5

Behavioral observation of rats in each group. Note: A, B, C, and D represent the trajectories of rats in the normal control, low-smoke, middle-smoke, and high-
smoke groups, respectively. (E,F,G) shows the statistics of activity time, distance, and average speed of rats in each group, compared with the normal control,
*P < 0.01 ,**P < 0.05, and the low-smoke group, # # P < 0.01,# P < 0.05.
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