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ABSTRACT 
	Occupational exposure to airborne irritants is a recognized risk factor for respiratory impairment. Capsicum annuum (commonly known as chili pepper) vendors are frequently exposed to pepper powder, which may cause airway irritation and subclinical respiratory abnormalities. This study assessed the impact of chronic exposure to Capsicum annuum powder on lung function and airway responsiveness among young adult vendors in Calabar Municipality, Cross River State, Nigeria. A total of 80 adult subjects aged 18-35 years were enrolled in a cross-sectional study. Participants were divided into two groups: Capsicum annuum vendors with occupational exposure were assigned to Group I, while non-exposed individuals were assigned to Group II. Pulmonary function assessment was performed using a Vitalograph spirometer to measure Forced Vital Capacity (FVC), Forced Expiratory Volume in 1 second (FEV₁), Peak Expiratory Flow Rate (PEFR), and FEV₁%. A histamine challenge test was administered using a nebulizer, and changes in FEV₁ were assessed following incremental histamine doses of 0.5 mg and 1.0 mg. Data were analyzed using t-tests and presented as mean ± standard error of the mean (SEM). Pulmonary function parameters showed significant (p < 0.001) reductions following histamine exposure in the test group. After administration of 1.0 mg histamine, further reductions were observed in FVC (2.98 ± 0.03 L), FEV₁ (1.94 ± 0.05 L), PEFR (205.76 ± 2.26 L/min), and FEV₁% (65.09 ± 1.30%). These changes indicate increased airway sensitivity and heightened bronchial hyperresponsiveness. A positive correlation was also observed between the duration of pepper exposure and the degree of decline in lung function parameters. Regular occupational exposure to Capsicum annuum powder may therefore contribute to measurable reductions in lung function and increased airway reactivity, as reflected by reduced spirometric values. These effects may occur even in the absence of clinically apparent respiratory symptoms, highlighting the need for appropriate protective measures, routine respiratory health screening, and occupational health awareness among pepper vendors.
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INTRODUCTION
Capsicum annuum, commonly known as bell pepper, is a widely cultivated vegetable and a significant crop in both local and global markets. Its consumption is largely driven by its nutritional value, particularly its rich content of vitamins (especially vitamin C) and antioxidants, which play vital roles in human health (Zhang et al., 2018). Capsicum annuum is also appreciated for its culinary uses, offering both flavor and color to a variety of dishes (Sarker et al., 2020). Vendors who work with pepper daily, especially in the preparation or grinding stages, are at risk of inhaling fine dust particles and volatile compounds, which can irritate the respiratory system. Capsaicin, the bioactive compound responsible for the spicy sensation in peppers, can cause acute respiratory discomfort when inhaled, including coughing, sneezing, and shortness of breath. Capsaicin has been shown to cause irritation to the airways, leading to symptoms such as coughing, wheezing, and dyspnea (shortness of breath). In a study by Schiller et al. (2009), it was found that capsaicin exposure led to bronchoconstriction in sensitive individuals, particularly in asthmatic patients. This effect could be exacerbated in workers handling pepper continuously
From an occupational-health perspective, pepper handling should be considered exposure to a complex plant-derived aerosol rather than to capsaicin alone. Organic dust, fragmented plant material, and pungent compounds may act as irritants or sensitizers, and repeated workplace exposure is a recognized pathway to work-related respiratory symptoms and occupational asthma (Baur & Bakehe, 2014; Nicholson et al., 2005; Tarlo & Lemiere, 2014).
prolonged exposure to pepper dust can also lead to chronic conditions such as occupational asthma, bronchitis, and chronic obstructive pulmonary disease (COPD). the dust particles can irritate the mucosal lining of the lungs, leading to inflammation, narrowed airways, and difficulty breathing. in a study conducted by Julien et al. (2005), it was found that workers in occupations involving the handling of spices or dust, including chili powder, had an increased risk of developing asthma-like symptoms, including wheezing and chest tightness. while respiratory issues are the primary concern, pepper can also cause skin irritation in vendors who handle it frequently. capsaicin is known to cause a burning sensation and redness upon contact with the skin, leading to conditions like contact dermatitis or skin sensitization. a study by Zhang et al. (2014) demonstrated that individuals who handled pepper frequently without protective gloves experienced mild to severe skin irritation, redness, and itching due to capsaicin exposure. long-term exposure to pepper dust and capsaicin can lead to chronic inflammation in the airways and other parts of the respiratory system. this can result in a progressive decline in lung function, particularly in those with pre-existing respiratory conditions. a study by Sarkar et al. (2015) reviewed the long-term effects of capsaicin and found that continuous exposure to capsaicin-induced inflammation could result in permanent lung damage, particularly among those working in spice processing plants which exist daily among vendors.
Capsaicin activates transient receptor potential vanilloid 1 (TRPV1)-expressing vagal afferent fibers, producing cough and neurogenic airway responses; however, evidence of cough or transient bronchoconstriction should not by itself be interpreted as proof of permanent lung injury. The biologically plausible outcome is heightened airway sensory responsiveness, which should be evaluated with standardized spirometry and bronchial-challenge methods (Belvisi & Birrell, 2017; Coates et al., 2017; Mazzone & Undem, 2016).
material and methods / experimental details / methodology
Materials:
Vitalograph, Nebulizer, Histamine, Pulse Oximeter, Weighing balance, Questionnaire, Young adult (18-35 years).
Study Subject:
The subject was Capsicum annuum vendors in Calabar Municipal, Cross River State, age (18-35 years) exposed to Capsicum annuum powder, deviods of any health condition or medication prior the investigation. Students of comparable age free from exposure were recruited from the University of Calabar as control.
Sample size:
A sample size was determined according to the sample size formula of n=N/(1+Ne2). Where n was the sample size, N was the population size and e were the margin error as taken by Ryan, (2013) in the Slovin’s sampling formula (1960)
Ethical approval:
The ethical consent was obtained from the Ministry of Health, Calabar. Health Research Ethics Committee (HREC) Calabar, Cross River State with the registration number: CRS/MH/HREC/24/Vol.V1/93
Experimental design:
The total number of subject for the study were divided into two group, A and B where, group A comprised of Capsicum annuum vendors and group B comprised of control subjects.
Methods:
A vitalograph spirometer (Alpha 6000) was used to assess lung function, basic physiological indices such as, oxygen saturation, heart rate, temperature and blood pressure. Ensure the patient seated in a comfortable position. The subject was instructed to take a deep breath in and exhale forcefully into the vitalograph as hard and fast as possible until no more air could be expelled. The test was repeated at least three to five times to ensure reproducibility. Venous blood was obtained from subject using 2ml syringe into the EDTA bottle. Elisa kits were used to analyze inflammatory biomarker using the manufacturer’s protocol provided in the kits.
A nebulizer was used to aerosolize histamine in increasing concentrations.
The Capsicum annuum vendors inhaled histamine in a controlled manner.
Measurement of Lung Function:
After each dose, FEV₁ was measured using spirometry.
The test continued until FEV₁ dropped by 20% or more from baseline or a maximum dose was reached.
Determining Airway Sensitivity:
The concentration of histamine causing a 20% drop in FEV₁ (PC₂₀) was recorded.
A lower PC₂₀ indicated higher airway hyperresponsiveness, which was characteristic of asthma or other respiratory conditions.
Recovery:
A bronchodilator (salbutamol) was administered to reverse bronchoconstriction.
The Capsicum annuum vendors were monitored until lung function returned to baseline.
Safety Considerations:
The test was conducted in a controlled medical environment with emergency equipment ready.
It was performed by trained professionals to manage severe bronchoconstriction if necessary.
Statistical analysis
All data were presented as mean ± standard error of mean. t-tests were used to compare and assess the relationship between exposure duration and changes in lung function at a level of P≤0.5 was considered statistically significant. 
 results and discussion
This study assessed the inflammatory biomarkers and some demographic and lung function parameters of Capsicum annuum vendors exposed to histamine in Calabar Municipality. The results were compared with control and presented as standards error of mean (SEM). 
The findings should be interpreted as within-subject responses to histamine and not as direct evidence that pepper exposure caused the observed changes, because a cross-sectional design cannot establish temporality and the reported comparisons require consideration of relevant covariates. Spirometric quality control, suitable reference equations, and standardized challenge procedures are essential when comparing occupational groups (Coates et al., 2017; Graham et al., 2019; Quanjer et al., 2012).



Comparison of demographic parameter in the test subjects
The mean value of duration, age, weight and height, was presented as age 31.21 ± 0.67 weight 66.69 ± 0.38 and height 1.67 ±0.00. There was no significant difference at (p<0.001).
Age, sex, height, and population-appropriate reference equations influence expected FEV₁ and FVC; therefore, similarity in participant characteristics supports group comparability but does not replace multivariable adjustment. Interpretation should be based on lower limits of normal or z-scores rather than raw values alone (Graham et al., 2019; Quanjer et al., 2012).
Basal measurement of lung functions parameter in the test subjects
The result of the mean value of basal measurement for FVC, FEV1, PEF and FEV1% was presented as 3.44 ± 0.08, 2.43 ± 0.07, 239.41 ± 4.99 and 70.92 ± 1.73 respectively. 
At baseline, the absolute values cannot be classified as normal or abnormal without sex- and height-specific reference predictions and test-quality grades. Repeatability, acceptability, calibration, and reporting of FEV₁/FVC relative to the lower limit of normal are required before inferring an obstructive pattern (Graham et al., 2019; Quanjer et al., 2012).
Administration of 0.5mg dose of Histamine in the test subjects
The result of the mean value for FVC, FEV1, PEF and FEV1% in 0.5mg dose of Histamine was presented as 3.18 ± 0.04, 2.18 ± 0.05, 220.17 ± 2.40 and 68.65 ± 1.25 respectively. There was significant difference (p<0.001) at 0.5mg of histamine.
The decline after 0.5 mg is consistent with a measurable response to a direct bronchoconstrictor, but interpretation should be based on the percentage fall in FEV₁ from a reproducible baseline and a complete dose-response curve. Direct challenge results are influenced by delivery method, nebulizer output, inhalation protocol, and medication withholding (American Thoracic Society, 2000; Coates et al., 2017; Cockcroft & Davis, 2006).
Administration of 1.0mg dose of Histamine in the test subjects
The result of the mean value for FVC, FEV1, PEF and FEV1% in 1.0mg dose of Histamine was presented as 2.98 ± 0.03, 1.94 ± 0.05, 205.76 ± 2.26 and 65.09 ± 1.30 for FVC, FEV, PEFR and FEV1% respectively. There was reduction in lung parameter.
The further reduction at 1.0 mg suggests a dose-related bronchoconstrictor response within the tested range. Nevertheless, airway hyperresponsiveness should be defined using a validated endpoint such as PC₂₀ or a provocation dose, with explicit stopping criteria and post-bronchodilator recovery, rather than by dose-wise significance testing alone (American Thoracic Society, 2000; Coates et al., 2017; Cockcroft & Davis, 2006).
Comparison of Lung function parameters in 0.5mg, 1.0mg and Basal measurement in the test subject 
Forced vital capacity (FVC): The result of the mean value of forced vital capacity (FVC) for the basal measurement, 0.5mg and 1.0mg and basal was presented as 3.44 ± 0.08, 3.18 ± 0.04 and 2.98 ± 0.03 respectively. There was a significant difference (p<0.001) in 0.5mg and 1.0mg dose of histamine administration compared to the basal measurement.
FVC may decrease during bronchial challenge because of airflow limitation, premature termination of forced expiration, or air trapping; therefore, a lower FVC is not independently diagnostic of restriction. Its interpretation should be integrated with maneuver quality, FEV₁, and the FEV₁/FVC ratio (Graham et al., 2019; Quanjer et al., 2012).
Figure 1-5 shows Comparison of Lung function parameters in Basal measurement 0.5mg, and 1.0mg dose of histamine administration among Capsicum annun vendor[image: ]Forced expiratory volume in one second: The result of the mean value of forced expiratory volume in one second (FVC1) in the test and control subject for histamine 0.5mg and 1.0mg and basal was presented as 2.18 ± 0.05 and 1.94 ± 0.05 and 2.43 ± 0.07 respectively. There was a significant difference in the test group compared to the control (p<0.001).

FEV₁ is the principal spirometric endpoint for direct bronchial-challenge testing because it is more reproducible than peak flow and permits calculation of the percentage fall from baseline. A progressive FEV₁ reduction across doses supports a dose-response pattern, but causal attribution to occupational pepper exposure requires a valid exposed-versus-control analysis and exposure characterization (American Thoracic Society, 2000; Coates et al., 2017; Tarlo & Lemiere, 2014).
[image: ]
Forced expiratory volume in one second percent: The result of the mean value of forced expiratory volume in one second percent (FVC1%) in the test and control subject for histamine 0.5mg and 1.0mg and basal was presented as 68.65 ± 1.25 and 65.09 ± 1.30 and 70.92 ± 1.73 respectively. There was a significant difference in the test group compared to the control (p<0.05).
The observed decline in FEV₁% is compatible with increasing expiratory airflow limitation during challenge; however, the manuscript should clearly define whether FEV₁% denotes FEV₁/FVC × 100 or percentage-predicted FEV₁. These measures are not interchangeable and should be interpreted against appropriate reference limits (Graham et al., 2019; Quanjer et al., 2012).
[image: ]
Peak expiratory flow rate: The result of the mean value of peak expiratory flow rate (PEFR) in the test and control subject for histamine 0.5mg and 1.0mg and basal was presented as 68.65 ± 1.25 and 65.09 ± 1.30 and 70.92 ± 1.73 respectively. There was a significant difference in the test group compared to the control (p<0.001).

PEFR is effort-dependent and more variable than FEV₁, so it is best treated as a supportive rather than definitive challenge endpoint. In occupational asthma assessment, serial peak-flow monitoring can demonstrate work-related variability, whereas controlled bronchial challenge generally relies on standardized FEV₁ responses (Coates et al., 2017; Nicholson et al., 2005; Tarlo & Lemiere, 2014).
[image: ]
4.2	Correlation of lung functions and duration of exposure[image: ]

A positive association between exposure duration and lung-function decline would be biologically compatible with cumulative workplace exposure, but correlation alone does not establish causation and may be confounded by age, smoking, baseline lung function, exposure intensity, or protective-equipment use. Occupational-asthma guidance recommends detailed exposure histories and objective work-related testing before attributing impairment to a specific agent (Nicholson et al., 2005; Tarlo & Lemiere, 2014; Vandenplas et al., 2011).
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DISCUSSION 
The results of this study indicate that exposure to Capsicum annuum powder among vendors in Calabar Municipal is associated with significant alterations in pulmonary function following histamine bronchoprovocation. The observed reduction in FVC, FEV₁, PEFR, and FEV₁% after histamine inhalation demonstrates increased airway hyperresponsiveness among the exposed individuals compared to their non-exposed (control). These findings from the study align with studies that identified occupational exposure to airborne irritants such as capsaicin as a risk factor for respiratory impairment. Capsaicin, the active component in chili peppers, has been shown to stimulate sensory nerve endings and provoke bronchoconstriction through the activation of transient receptor potential vanilloid 1 (TRPV1) channels, contributing to airway inflammation and hypersensitivity (Kunkel & Chizh, 2011). Similar patterns of bronchial hyperresponsiveness have been observed in studies involving workers exposed to spice dusts and irritant aerosols. For instance, Bernstein et al. (2012) reported increased bronchial reactivity and asthma-like symptoms among spice mill workers chronically exposed to chili and pepper dust. In a comparable Nigerian study, Adewole et al. (2023) found significant decreases in FEV₁ and FVC values in pepper grinders in local markets, suggesting chronic airway irritation and possible early obstructive airway disease.
The dose-related spirometric response is consistent with nonspecific airway hyperresponsiveness, a physiological trait that can occur in asthma and other airway conditions. Capsaicin-related sensory activation provides a plausible mechanism for cough and airway irritation through TRPV1-positive vagal afferents, but the study design does not distinguish sensory irritation, pre-existing asthma, and occupational sensitization (Belvisi & Birrell, 2017; Cockcroft & Davis, 2006; Mazzone & Undem, 2016).
The progressive decline in spirometric indices with increasing histamine dose in this study further supports the fact that chronic occupational exposure to Capsicum annuum powder sensitizes the airways. Histamine challenge tests are widely used to evaluate airway responsiveness and diagnose latent bronchial hyperreactivity in occupational and environmental medicine. A fall of ≥20% in FEV₁, as observed in this study, indicates a hyperreactive airway, a hallmark of conditions such as asthma and chronic bronchitis (Joos et al., 2013). Moreso, the decrease in PEFR values after histamine administration reflects compromised expiratory flow, which may be attributed to smooth muscle constriction, airway wall edema, or mucus hypersecretion. These changes are consistent with earlier reports by Gautrin et al. (2018), who observed that workers exposed to food-related aerosols had lower peak flow readings, particularly those involved in spice handling and food processing. Although spirometric values remained within normal ranges for some participants, the relative decline from baseline is clinically relevant, especially in young adults expected to have peak lung function. This underscores the importance of early detection and intervention in groups exposed to inhalable irritants. The observed findings emphasize the need for improved workplace ventilation, use of personal protective equipment (PPE), and regular medical screening for at-risk workers, as also advocated by Tarlo & Lemiere (2014). This study adds to the growing body of evidence indicating that chronic exposure to Capsicum annuum powder among vendors leads to increased airway sensitivity and impaired lung function.
Accordingly, the findings should be presented as an association between occupational pepper exposure and an enhanced response to histamine rather than proof of irreversible lung damage. Confirmation would require standardized PC₂₀ calculations, quality-graded spirometry, exposure quantification, control for major confounders, and preferably serial or longitudinal measurements across working and non-working periods (Coates et al., 2017; Graham et al., 2019; Nicholson et al., 2005). Exposure reduction, ventilation, respiratory protection, and early clinical evaluation are consistent with established occupational-asthma management principles (Tarlo & Lemiere, 2014; Vandenplas et al., 2011).
4. Conclusion
This study showed reductions in FVC, FEV₁, PEFR, and FEV₁% among Capsicum annuum vendors following incremental histamine exposure. The observed pattern suggests increased airway responsiveness in the exposed participants. However, the findings should be interpreted as an association between occupational pepper exposure and spirometric response, rather than definitive evidence of irreversible lung disease. Improved workplace ventilation, reduced exposure to airborne pepper dust, use of appropriate respiratory protection, and periodic spirometric monitoring may help protect respiratory health among pepper vendors.

Limitations
This study is limited by its cross-sectional design, incomplete presentation of group sizes, unclear control-group results, and absence of reported PC₂₀ values. Exposure intensity, smoking status, PPE use, and other potential confounders were not adequately described. Inflammatory biomarkers were mentioned in the methods but not reported in the results. Figure units and sample-size inconsistencies also require correction.
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Definitions, Acronyms, Abbreviations
Capsicum annuum – Chili pepper 
COPD – Chronic Obstructive Pulmonary Disease 
EDTA – Ethylenediaminetetraacetic Acid 
FEV₁ – Forced Expiratory Volume in 1 second 
FEV₁% – Forced Expiratory Volume in 1 second percentage 
FVC – Forced Vital Capacity 
HREC – Health Research Ethics Committee 
PC₂₀ – Provocative Concentration causing a 20% fall in FEV₁ 
PEFR – Peak Expiratory Flow Rate 
PPE – Personal Protective Equipment 
SEM – Standard Error of the Mean 
TRPV1 – Transient Receptor Potential Vanilloid 1 
WHO – World Health Organization

Limitations
This study is limited by its cross-sectional design, incomplete presentation of group sizes, unclear control-group results, and absence of reported PC₂₀ values. Exposure intensity, smoking status, PPE use, and other potential confounders were not adequately described. Inflammatory biomarkers were mentioned in the methods but not reported in the results. Figure units and sample-size inconsistencies also require correction.
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Figure 1: Comparison of forced vital capacity (FVC) of control and 

histamine treated subjects.



Values are expressed as mean +SEM, n = 34.
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Figure 2: Comparison of forced expiratory volume in one second 

(FEV1) of control and histamine treated subjects.



Values are expressed as mean +SEM, n = 34.
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Figure 3: Comparison of forced expiratory volume in one second 

percent (FEV1%) of control and histamine treated subjects.



Values are expressed as mean +SEM, n = 34.
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Figure 4: Peak expiratory flow rate of control and histamine 

treated subjects.



Values are expressed as mean +SEM, n = 34.
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Figure 5: Relationship between forced vital capacity and duration of 

service 

Histamine (0.5g)

y = -0.0035x + 3.2113

R2 = 0.0022

r = -0.047

p = 0.809

Histamine (1.0g)

y = 0.0014x + 2.9651

R

2

 = 0.0007

r = 0.026

p = 0.895

Basal

y = -0.0243x + 3.664

R2 = 0.0215

r = -0.147

p = 0.448

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 2 4 6 8 10 12 14 16

Duration (year)

FVC (L)

Histamine (0.5g)

Histamine (1.0g)

Basal


image6.emf
Figure 6: Relationship between forced expiratory volume in one 

second and duration of service.

0

0.5

1

1.5

2

2.5

3

3.5

0 2 4 6 8 10 12 14 16

Duration of service (year)

FEV1 (L)

Histamine (0.5g)

Histamine (1.0g)

Basal

Basal

y = -0.0011x + 2.4395

R2 = 6E-05

r = -0.008

p = 0.967

Histamine (0.5g)

y = -0.0068x + 2.2472

R2 = 0.0046

r = -0.068

p = 0.728

Histamine (1.0g)

y = -0.0192x + 2.1194

R2 = 0.0371

r = -0.193

p = 0.317


image7.emf
Figure 7: Relationship between percent forced expiratory volume in 

one second and duration of service.
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Figure 8: Relationship between peak expiratory flow rate and 

duration of service.
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