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Abstract: Environmental pollution is a major
global health concern with well-documented
effects on the respiratory system. Nasal
mucosa constitutes the first anatomical
barrier to inhaled pollutants, yet comparative
histological evidence contrasting urban and
rural populations remains limited. This study
aimed to evaluate the histological alterations
in nasal mucosa  associated  with
environmental pollution by comparing
biopsy specimens from adults residing in
urban and rural settings.

A total of 150 adult participants (1860
years) were recruited: 75 urban residents
from high-pollution zones and 75 rural
residents from low-pollution areas. Nasal
biopsy specimens were obtained from the
inferior turbinate under local anesthesia.
Histological analysis focused on epithelial
thickness, inflammatory cell infiltration,
goblet cell hyperplasia, subepithelial fibrosis,
and vascular changes. Air quality data,
including PM2.5, PMlo, NOz, and SO: levels,
were obtained for each region over the
preceding 12 months.

Urban participants showed significant
histological changes relative to rural
counterparts, including increased epithelial
thickness (52.4 + 8.3 um vs 38.7 = 7.1 um, p

< 0.001), higher inflammatory infiltrates
(score 3.8 £ 1.2 vs 1.4 £ 0.9, p<0.001), and
marked goblet cell hyperplasia (p < 0.01).
Subepithelial fibrosis and angiogenesis were
also pronounced in the urban group. These
alterations correlated with higher regional air
pollutant concentrations, especially fine
particulate matter (PM:.s) and nitrogen
dioxide, consistent with previous
experimental evidence of pollutant-induced
mucosal remodeling.

The findings demonstrate that environmental
pollution is associated with distinctive
histopathological changes in nasal mucosa,
potentially predisposing urban residents to
chronic upper airway conditions. This study
underscores the importance of environmental
health interventions and supports histological
markers as sensitive indicators of pollution-
related mucosal injury.
Keywords: environmental pollution, nasal
mucosa, histology, urban vs rural, particulate
matter

Introduction: Environmental pollution has
emerged as one of the most pressing public
health challenges of the 21st century. Rapid
urbanization, industrial expansion, increased
vehicular traffic, and reliance on fossil fuels
have escalated atmospheric concentrations of
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particulate matter and gaseous pollutants,
with far-reaching implications for human
health. Among the various systems affected,
the respiratory tract is particularly vulnerable
due to its direct exposure to inhaled air.
Although lower respiratory outcomes such as
chronic obstructive pulmonary disease and
asthma have received considerable attention,
the upper respiratory tract—especially the
nasal mucosa—serves as the first line of
defense and plays a crucial role in the
initiation and modulation of inflammatory
responses to environmental insults.!™

The nasal mucosa is a specialized epithelial
tissue lined by pseudostratified columnar
cells interspersed with goblet cells and
supported by an intricate lamina propria
containing blood vessels and immune cells.
Its functions include conditioning inspired
air, trapping particulates, and initiating
immune responses. Continuous exposure to
environmental pollutants such as fine
particulate matter (PM2.s), nitrogen dioxide
(NO2), sulfur dioxide (SO:), and volatile
organic compounds (VOCs) can overwhelm
these protective mechanisms, leading to
structural and functional alterations. Such
changes have been implicated in increased
susceptibility to chronic rhinitis, sinusitis,
and other upper airway pathologies.>”’

Fine particulate matter, particularly PMa.s,
can penetrate deep into the respiratory tract
and has been shown to induce oxidative stress
and inflammatory cascades in epithelial
tissues. Experimental studies using animal
models have revealed that particulate
exposure causes epithelial thickening,
inflammatory cell infiltration, and goblet cell
hyperplasia, changes known to compromise
mucociliary clearance and barrier function.
In humans, exposure to polluted urban
atmospheres has been linked to increased
nasal epithelial shedding and heightened
inflammatory responses, suggesting that
histological remodeling occurs in response to
sustained pollutant contact. (PubMed)

However, the majority of available research
derives from single-cohort observational
reports or controlled laboratory studies, with
limited direct comparisons between
populations with differing environmental
exposures.5!2

Understanding how environmental pollution
impacts nasal mucosal histology is
particularly relevant in the context of
urbanization patterns seen in  many
developing countries, including Pakistan.
Major cities in Pakistan, such as Lahore,
Karachi, and Peshawar, frequently record
atmospheric pollutant levels significantly
above health-based guidelines due to dense
traffic, industrial emissions, and seasonal
smog episodes. (MDPI) In contrast, rural
areas often have comparatively lower
ambient pollution, albeit with unique
exposures such as biomass fuel combustion
and agricultural dust. This divergence
provides a natural framework for
comparative studies aimed at elucidating the
histological consequences of chronic
pollutant exposure.

Histological analysis offers a detailed
window into tissue-level responses, enabling
assessment of  epithelial integrity,
inflammatory cell recruitment, glandular
activity, and extracellular matrix remodeling.
Changes in epithelial thickness may reflect
adaptive or pathological responses to
irritants, while inflammatory infiltrates
indicate immune activation. Goblet cell
hyperplasia and mucus overproduction are
hallmarks of chronic irritation and contribute
to symptoms such as rhinorrhea and
congestion.  Subepithelial fibrosis and
increased  vascularity may  represent
prolonged remodeling, potentially
predisposing tissues to long-term functional
impairment.  Despite  the  biological
plausibility and mounting indirect evidence,
direct comparative anatomical studies of
nasal mucosa in urban versus rural residents
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remain scarce, especially within South Asian
populations.

Epidemiological data support the concept
that urban residency and elevated air
pollution exposure correlate with increased
prevalence of allergic rhinitis and other upper
airway conditions. Observational studies
have reported higher rates of nasal symptoms
and physician-diagnosed rhinitis among
urban dwellers, with air pollution posited as
a significant contributing risk factor. (Art
Boulevard) However, such studies primarily
rely on symptomatology and clinical
diagnoses, without corresponding
histological evidence. Since histological
alterations can precede clinical
manifestations, understanding tissue-level
changes provides a more sensitive and
objective measure of environmental impact.
The present study aims to fill this gap through
a comparative anatomical investigation of
nasal mucosal histology in adult populations
from wurban and rural settings with
documented differences in environmental
pollutant exposure. The central hypothesis is
that  chronic  exposure to  higher
concentrations of urban pollutants will be
associated  with more  pronounced
histopathological changes in nasal mucosa,
including increased epithelial thickness,
elevated inflammatory infiltration, and signs
of mucosal remodeling. To test this
hypothesis, nasal biopsies were obtained
from matched cohorts of urban and rural
residents and evaluated using standardized
histological techniques.

This  investigation also  incorporates
environmental exposure data, linking region-
specific  pollutant concentrations with
observed tissue changes. By correlating
histological findings with ambient particulate
and gaseous pollutant levels, the study
provides a mechanistic perspective on how
environmental conditions may drive upper
airway pathology. Such evidence has
potential implications for public health,

offering biomarkers for early detection of
pollution-related injury and reinforcing the
need for environmental regulations aimed at
reducing pollutant exposure.

In summary, the nasal mucosa’s histological
response to environmental pollution is not
merely of academic interest; it has direct
relevance to clinical practice and preventive
medicine. Identification of specific tissue
changes associated with pollutant exposure
can enhance understanding of disease
mechanisms, inform screening strategies, and
justify interventions at both individual and
policy levels. Additionally, comparative
urban—rural studies help elucidate the broader
impacts of environmental disparities on
respiratory health, supporting advocacy for
equitable environmental protections.
Therefore, this study addresses an important
gap in environmental health research by
providing  comprehensive  histological
evidence of pollution-associated nasal
mucosal alterations in diverse populations.
Methodology: A cross-sectional
comparative  experimental design = was
implemented to  assess  histological
differences in nasal mucosa between urban
and rural populations with divergent levels of
environmental  pollution  exposure at
Anatomy Department, Bolan Medical
College. The study population comprised
adult volunteers aged 18—60 years with at
least 5 years of continuous residence in either
urban high-pollution zones (e.g.,
metropolitan areas with recorded high levels
of PMz.s and NO:) or rural low-pollution
regions characterized by lower industrial and
vehicular emissions. Participants with a
history of recent upper respiratory infection,
chronic nasal disease, smoking, systemic
inflammatory disorders, or occupational
exposure to irritants were excluded to
minimize confounding factors. Sample size
estimation was conducted using Epi Info
software with 80% power to detect a
moderate effect size in epithelial thickness
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differences at o = 0.05, yielding a
requirement of 134 subjects; 150 were
enrolled to account for potential specimen
loss. After obtaining informed verbal and
written consent following institutional ethical
guidelines, nasal biopsies were collected
from the inferior turbinate mucosa under
local anesthesia in a controlled clinical
setting. Ambient air quality data—including
PM..s, PMio, NO2, and SO concentrations—
were obtained from regional monitoring
stations for the preceding 12 months to
characterize environmental exposure
profiles. Biopsy specimens were fixed,
paraffin-embedded, sectioned, and stained

Results

with hematoxylin and eosin for histological
evaluation. Quantitative assessments of
epithelial thickness and inflammatory
infiltration were performed using calibrated
microscopy by pathologists blinded to group
allocation.  Goblet cell  hyperplasia,
subepithelial fibrosis, and vascular changes
were scored using standardized criteria.
Statistical analysis included independent-
samples t-tests for continuous variables and
chi-square tests for categorical scores, with
multivariable regression to adjust for age and
gender. Significance was set at p < 0.05 to
determine meaningful histological
differences between groups.

Table 1. Participant Characteristics and Environmental Exposure

Variable Urban (n=75)||Rural (n=75)||p-value

Age (yrs, mean = SD)(139.1 £ 10.2  ||38.4£9.8 0.68

Gender (M/F) 40/35 38/37 0.75

Avg PM2.s (ug/m?®)  ||76.5+10.8 |32.1+8.4 <0.001*

Avg NO: (ppb) 452 +£6.7 189+53 <0.001*

*Significant at p < 0.001

Table 2. Nasal Mucosal Histological Measures

Histological Feature Urban (mean £ SD)||Rural (mean £ SD)||p-value
Epithelial Thickness (um)||52.4 £ 8.3 387+7.1 <0.001*
Inflammatory Score 3.8+1.2 1.4+09 <0.001*
Goblet Cell Density 22.1+£53 15.6 £4.8 <0.001*
*Significant at p < 0.001
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Table 3. Mucosal Remodeling Indicators

Remodeling Feature|Urban (n, %)|[Rural (n, %)|p-value
Subepithelial Fibrosis|48 (64%) 18 (24%) <0.001*
Angiogenesis 36 (48%) 12 (16%) <0.001*
*
the mucosa, perpetuating local inflammation.
Significant at p < 0.001 This response is consistent with findings

Brief Explanation: Urban residents exposed
to higher air pollution demonstrated
significantly increased epithelial thickness,
inflammatory cell infiltration, and goblet cell
density compared with rural counterparts.
Remodeling features such as fibrosis and
angiogenesis were also more prevalent in the
urban group.

Discussion

This study provides compelling histological
evidence that environmental pollution is
associated with distinct alterations in nasal
mucosal architecture. Urban participants
residing in areas with significantly higher air
pollutant levels exhibited increased epithelial
thickness, a hallmark of chronic irritation and
adaptive tissue response to persistent
environmental stressors. Such thickening
likely reflects compensatory changes aimed
at fortifying the mucosal barrier against
continuous particulate exposure.'*'*

A pronounced increase in inflammatory
infiltrates among urban residents underscores

the pro-inflammatory impact of
environmental pollutants on the upper
respiratory tract. Chronic exposure to

pollutants like PM..s and nitrogen dioxide
facilitates recruitment of immune cells into

from studies showing enhanced mucosal
inflammatory markers following exposure to
urban smog and industrial emissions. >0

Goblet cell hyperplasia observed in the urban
group further indicates mucosal adaptation to
irritants. Goblet cells produce mucus that
traps inhaled particles and pathogens, but
their proliferation can also dysregulate
mucociliary clearance and contribute to
symptoms such as rhinorrhea and congestion.
The elevated goblet cell density in urban
subjects affirms the role of environmental
contaminants in remodeling secretory
components of the nasal epithelium.!”-'8

In addition to cellular changes, structural
remodeling signs such as subepithelial
fibrosis and increased vascularity suggest
longer-term tissue adaptation to persistent
pollution. Fibrosis may reduce mucosal
elasticity and impair normal function over
time, while angiogenesis reflects ongoing
tissue responses to hypoxic and inflammatory
stimuli. These features align with
experimental observations where particulate
matter exposure induced histological
remodeling in sinonasal tissues.!**

The integration of environmental air quality
data strengthens the inference that observed
histological changes are linked to pollution

4133| International Journal of Pharmacy Research & Technology | Jun -Dec 2025]| Vol 15| Issue 2



Shinza Chishti et al / Impact of Environmental Pollution on Nasal Mucosal Histology: An Anatomical Study in
Urban vs Rural Populations

exposure rather than random variation. Urban
areas with elevated PM..s and NO: levels
showed correspondingly more severe
mucosal alterations, reinforcing pollutant-
specific associations. This urban—rural
comparison elucidates how differential
environmental exposures translate into
anatomical changes at the tissue level.

Though this study focused on structural
histology, findings have broader clinical
implications. Morphological changes in nasal
mucosa may predispose individuals to
chronic upper airway conditions, heightened
sensitivity to allergens, and impaired
mucociliary defense mechanisms.
Epidemiological data showing higher
prevalence of nasal symptoms in urban
populations  support  the  functional
significance of  these histological
observations. (Art Boulevard)

In conclusion, the study substantiates the
hypothesis that environmental pollution
drives nasal mucosal pathology. Histological
evaluation reveals a spectrum of changes—
from epithelial thickening to inflammation
and remodeling—that correlate  with
pollutant exposure gradients. These findings
emphasize the need for public health
measures aimed at reducing air pollution as
part of comprehensive respiratory health
strategies.

Conclusion

Environmental pollution is associated with
significant histological alterations in nasal
mucosa, including epithelial thickening,
inflammation, and remodeling. Urban
residents exposed to higher pollutant levels
exhibit more severe changes than rural
counterparts. These findings highlight the
pathological impact of air pollution on upper
airway tissues and support environmental
health interventions.
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