
 Evaluation of bronchial response among
 occupationally exposed vulcanizers in calabar
municipality, cross river state -nigeria

1. Human Physiology, University of Calabar, Calabar, Nigeria
2. Zoology and Environmental Biology, University of Calabar, Calabar, Nigeria

* Corresponding author: Utionkpan Linna Paul, utionkpanlinna@unical.edu.ng
Received 28 October 2023; Revised from 29 September 2024; Accepted 5 October 2024

Citation: Utionkpan Paul L, Ikem HA, Peter CA, Beshel SB. Evaluation of bronchial response among occupationally exposed vulcanizers in calabar municipality, 
cross river state -nigeria. Physiology and Pharmacology 2025; 29: 123-134. http://dx.doi.org/10.61186/phypha.29.2.123 

ABSTRACTABSTRACT
Keywords:
Spirometry
Vulcanizers
Histamine
Bronchial responses

Utionkpan L Paul 
1*           , Helyn A Ikem1, Cecilia Peter1, Solomon Beshel2

Introduction: Histamine directly interacts with airways smooth muscles to initiate contraction. 
This occurs even at low concentrations among individuals predisposed to increased airway 
inflammation and asthma.
Methods: A digital vitalograph, nebulizer, histamine, and pulse oximeter were used in this 
research. A total of one hundred and sixty subjects were selected and categorized into two 
groups; Group 1 (Test subject) and Group 2 (Control), each group contained eighty (80) 
subjects. Group 1 comprised occupationally exposed vulcanizers and Group 2 comprised 
selected students from the University of Calabar as control. Both groups comprised young 
male subjects of equal age (20-40 years), devoid of pre-existing respiratory disorders or on 
any medication(s). Demographic parameters were used to obtain sufficient information for 
overall analysis. Lung parameters (FVC, FEV1, PEFR, and FEV1%) were evaluated using a 
Vitalograph Spirometer.
Results: Basal measurement showed that Group 1 had a moderate decrease in lung volumes 
(FVC, FEV1, PEFR, and FEV1%) of 65 subjects (representing 81.25%) and a mild decrease 
in 15 subjects (18.75%); all the subjects in Group 2 showed a mild decrease in lung volumes. 
Inhalation of histamine mist of different concentrations showed that Group 1 had a severe 
decrease in lung volumes of 70 subjects (87.5%) and a mild decrease in 10 subjects (12.5%). 
All Subjects in Group 2 showed a mild decrease in lung volumes.
Conclusion: Histamine provocative test helps to evaluate asthma signs and symptoms. Airways 
Hyper reactiv-ity is associated with inflammation as a consequence of airway hyperreflexia. 
It is evidenced that associated pollutants and their chronic inhalation by the vulcanizers have 
a retrogressive impact on their airways which manifests with hyper response an indication for 
asthma signs.
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Chronic exposure and inhalation of sulphuric fumes, 
and black soot (black carbon) with associated pollutants, 
is known to cause increased inflammation and structur-
al remodeling in the respiratory system (Niranjan and 
Thakur 2017). Damaged tyres (vehicles and other auto-
mobiles) caused by mechanical wear and tear are patched 
by vulcanizers. The chemical process that involves heat-
ing tires with sulphur in an accelerator and activator at 
140–160°C is known as vulcanization. About 25 to 75 
percent of tyres prematurely failed due to mechanical 
damage, comprising expansion and punctures (Akiba 
and Hashim 1997). Exposure to carbon fumes, partic-
ulate matter, inhalable dust concentration, and other 
hazardous substances like sulphuric fumes and carbon 
monoxides from the burning chambers increases the risk 
of respiratory inflammation and the shear stress gener-
ates a cascade of mediators that triggers sensory neuro-
nal which are transmitted to the afferent parasympathet-
ic autonomic nervous system leading to constriction of 
airway smooth muscles (Anderson and Brannan 2003; 
Córdova-Guerrero et al., 2013; Marone et al., 2001). 
Bronchi are the conduit for the movement of air in and 
out of the lungsContraction of airway smooth muscle 
causes the bronchi to narrow, restricting airflow into the 
lungs.(Borges et al., 2008; Borges et al., 2011; Ferraz 
et al., 2006; Martin et al., 2000). Pulmonary function 
tests utilize basic lung parameters such as forced vital 
capacity (FVC), forced expiratory volume in 1 second 
(FEV1), peak expiratory flow (PEF), and FEV1/FVC 
ratio (FEV1%) to evaluate lung function as well as pre-
dict vulnerable individuals to respiratory diseases such 
as asthma, etc (Araujo and Holanda 2010; Beydon et 
al., 2007; Fitch et al., 2008; Pauwels et al., 2001). Some 
research evaluated the role of carbon-containing partic-
ulate matter component, particularly black carbon, and 
opined that it has a systemic role in aggravating inflam-
mation of the respiratory system and other deleterious 
health challenges (Brudno et al., 1994; Gotshall 2002; 
Jensen et al., 2001). Chronic inhalation of sulphuric 
fumes is associated with irritation of the respiratory 
tract and eyes (lacrimation), bronchitis, cough, and chest 
tightness, often responsible for retrogressive changes in 
lung function (Holzer et al., 2002; Knapp et al., 1991; 
McFadden Jr and Gilbert 1994).

Many studies explained the role of persistent expo-
sure to hydrocarbon pollutants that elicits inflammation 

of airways by activating histamine production (Brannan 
et al., 2003; Caldeira et al., 2006; Marone et al., 2001). 
Histamine is a potent inflammatory mediator, common-
ly associated with allergic reactions, promoting vascular 
and tissue changes with high chemo-attractant activities 
(Cockcroft 2003; Cockcroft and Davis 2006). Bronchi 
are usually affected by exposure to hazardous substanc-
es (Joos 2003; Joos et al., 2003; Martin et al., 2000). 
In Nigeria, the presence of poorly maintained roads 
has necessitated an increased number of vulcanizers on 
commercial and non-commercial streets of major cities 
because of its low capital start-up and high profits. 

This research investigated bronchi response in vulca-
nizers’ airways to chronic inhalation of black soot and 
associated pollutants with the aim to assess their vulner-
ability to asthma, a leading respiratory disease in Nige-
rian hospitals.

Materials and Methods
Materials used in the study include a hand-held neb-

ulizer, Vitalograph Alpha Touch Spirometer (Model 
6000), weighing balance, long ruler, stopwatch, hista-
mine, and distilled water.

Study Subjects
One hundred and sixty subjects were recruited for 

this study and comprised of eighty subjects each for 
Test and Control groups. Test subjects were vulcanizers 
actively involved in patching tyres by the roadside in 
Calabar Metropolis, Cross River State. Inclusion crite-
ria involved a male subject aged between 20-40 years 
working as a vulcanizer for not less than two years, free 
from any pre-existing illness was selected as Test sub-
jects. Male students from the University of Calabar of 
similar age, body weight, and height, with supposedly 
zero exposure to hazardous gases and free from any 
illness, were used as Control subjects. Ethical consent 
with registration number: CRS/MH/HREC/2021/710 
was obtained from Cross River State Ministry of health, 
Calabar.

Exclusion Criteria
Subjects above the age limit or on any medication 

were excluded from the study. 
   

     Method
 Experimental Design

Introduction
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Structured questionnaires were administered, to deter-
mine the inclusion of subjects in the study. The number 
of subjects recruited for the study was determined by 
the sample size formula as described by Slovin (Slovin 
1960). Histamine dose was graded into Low dose and 
High dose and subjects were exposed to the two-dose 
concentrations to assess bronchial response using their 
lung function parameters. This was determined using a 
vitalograph Spirometer. Height, and weight were mea-
sured with a ruler and weighing balance. 

Dose Formulation
Histamine powder was used in the formulation ac-

cording to the method postulated by Cockcroft (Cock-
croft et al., 1983). The strength of the stimulus is its 
concentration of solutes delivered to the lower airways.

Low Dose (4mg) 
Low dose concentration was formulated by dissolving 

0.04g w/v of Histamine in 100ml distilled water.
High Dose (16mg)
High dose concentration was formulated using the 

same method to dissolve 0.16g w/v of Histamine in 
100ml distilled water.

Evaluation of Bronchial Response and Lung Function
Vitalograph-Spirometer (Alpha touch 6000, Uk) was 

used to evaluate bronchial response. The subjects were 
instructed on the protocols before the maneuver (mea-
surements) to achieve the best spirometric result. Three 
to five maneuvers were performed according to the sub-
ject’s adherence to the protocols and this was repeated at 
least three times with acceptable efforts. Histamine dose 
was administered starting with a low dose. Acceptable 
spirometric values for FVC, FEV1, PEFR, and FEV1% 
after administration were used to assess bronchial re-
sponse.

The spirometric values were compared with the pre-

dicted values according to the reference recommended 
by the American Thoracic Society (ATS) criteria, 2005.    

 Procedure
The Subjects were instructed on the evaluation pro-

tocols. Three maneuvers were measured (Basal, Low 

dose, and High dose). Basal values were recorded be-
fore administration of the histamine dose. Histamine 
mists (4mg/ml and 16mg/ml) were introduced using 
a hand-held Nebulizer for 2 minutes beginning with 
a low dose (4mg/ml). The subjects freely inhaled the 
histamine mists for 2 minutes and allowed for 1 min-
ute before the bronchial response was assessed using a 
Vitalograph Spirometer. The same protocols were used 
in the high dose (16mg/ml). The Nebulizer was rinsed 
with distilled water after each dose administration. The 
bronchial response was determined by comparing basal 
and dose-administered values with predicted values. 

  
Statistical Analysis
The results were presented as Mean ± standard devia-

tion (SD). The data were analyzed using SPSS software 
and compared using Students’ T-test. The probability 
level of P < 0.001 was considered statistically signifi-
cant.               

       
Result

Comparison of demographic parameters between 
Vulcanizers and Control subjects

In this study, the results were compared between vul-
canizers (test group) and control subjects and presented 
as mean ± SD. The results of the demographic parame-
ters of vulcanizers were presented as; Age (24.68±0.37), 
Oxygen saturation (95.85±0.17), Weight (51.63±0.38), 
Chest circumference (86.70±0.26), Height (169.74±0.30) 
and Body mass index (20.38±0.15) and control subjects 
were presented as; Age (23.85±0.30), Oxygen satura-

TABLE 1: TABLE 1: Showing mean values of Demographic Parameters

GROUPS       AGE
      (Yrs)

OXYGEN
SATURATION

(%)

CHEST
CIRCUMFERENCE

  (cm)

HEIGHT
(cm)

WEIGHT   
(kg) BMI

CONTROL   23.85±0.37 95.63 ±0.17  86.64 ±0.26 169±0.27 57.85 ± 0.38         
             20.02 ±0.14

TEST 24.68±0.37 95.85±0.17 86.70±0.26 169±0.27             58.60±0.38        
        20.38± 0.14 
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tion (95.63±0.21), Weight (50.62±0.42), Chest circum-
ference (86.64±0.25), Height(169.75±0.13) and Body 
mass index (20.02±0.14).There was no significant dif-
ference between the test and control subjects.

Figure 1-6 shows a comparison of demographic pa-
rameters (Age, Oxygen saturation, weight, Chest cir-

cumference, Height, and Body mass index) between 
vulcanizers and control subjects.

Bronchial Response between Vulcanizers and Control 
Subjects

Results were compared between vulcanizers and Con-
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FIGURE 1.FIGURE 1. Shows Basal, first dose and second dose in forced vital capacity between control and test group. Values are expressed as mean 
±SD. *** = p<0.001 vs basal. c = p<0.001 vs dose 1.
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FIGURE 2.FIGURE 2. Shows Basal, first and second dose in Forced expirartory volume in one second between control and test group.  
Values are expressed as mean ±SD. *** = p<0.001 vs basal. c = p<0.001 vs dose 1.
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trol subjects. Result of spirometric values among vul-
canizers were presented as, FVC (Basal 3.34±0.05); 
(Low Dose 3.21±0.05); (High Dose 2.99±0.05), FEV1 

(Basal 2.30±0.05); (Low Dose 2.18±0.05); (High Dose 
1.79±0.05), PEFR (Basal 187.34±2.36); (Low Dose 
175.41±2.59); (High Dose 134.82±2.81), FEV1% (Bas-
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FIGURE 3.FIGURE 3. Shows Basal, first and second dose in peak expiratory flow rate between control and test group. Values are expressed as mean ±SD. 
*** = p<0.001 vs basal. c = p<0.001 vs dose 1.
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FIGURE 4.FIGURE 4. Sُhows Basal, Low and High dose in FEV1% between Control subjects and Vulcanizers. Values are expressed as mean ±SD. 
*** = p<0.001 vs basal. c = p<0.001 vs dose 1.
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al 69.79± 1. 72); (Low Dose 68.78±1.84); (High Dose 
61.16±2.11) compared with results of spirometric values 
in Control subjects presented as, FVC (Basal 3.77±0.02); 
(Low Dose 3.64±0.02); (High Dose 3.56±0.07); FEV1 
(Basal 2.99±0.02); (Low Dose 2.93±0.02); (High Dose 
2.56±0.02), PEFR (Basal 227.53±1.61); (Low Dose 
226.18±2.71); (High Dose 220.49±3.41), FEV1% (Bas-

al 79.57±0.40); (Low Dose 80.96±0.62); (High Dose 
72.96±0.98).

Spirometric parameters (FVC, FEV1, PEFR, and 
FEV1%) among vulcanizers were found to be signifi-
cantly lower (P<0.001) compared to the Control sub-
jects. At high doses, vulcanisers experience a greater 
decrease in thespirometric values as a result of bron-
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FIGURE 5.FIGURE 5. Shows mean response in Forced vital capacity between control Subjects and Vulcanizers. Values are expressed as mean ±SD 
*** = p<0.001 vs control.

FIGURE 6.FIGURE 6. Shows mean value of body mass index between Control subjects and Vulcanizers. Values are expressed as mean ±SD.No signif-
icant difference between the groups.
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cho-constriction.
Figure 7–10 shows a comparison of FVC, FEV1, 

PEFR, and FEV1% between vulcanizers and Control 
subjects at different histamine doses. Figure 11 shows 
the mean values of FVC to dose-response between vul-
canizers and control subjects.

Discussion
Histamine is a naturally occurring biological sub-

stance in body that plays vital role in various functions 
including immune response. Primarily known for its 
involvement in allergic reactions, where its release by 
mast cells leads to symptoms like running nose, sneez-

1
FIGURE 7.FIGURE 7. Shows Basal, first dose and second dose in forced vital capacity between control and test group. Values are expressed as mean±SD. 
*** = p<0.001 vs basal. c = p<0.001 vs dose 1.

1

FIGURE 8.FIGURE 8. Shows Basal, first and second dose in Forced expirartory volume in one second between control and test group. 
Values are expressed as mean ±SD. *** = p<0.001 vs basal. c = p<0.001 vs dose 1.
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1
FIGURE 9.FIGURE 9. Shows Basal, first and second dose in peak expiratory flow rate between control and test group. Values are expressed as mean ±SD.
*** = p<0.001 vs basal. c = p<0.001 vs dose 1.

1

FIGURE 10.FIGURE 10. Shows Basal, Low and High dose in FEV1% between Control subjects and Vulcanizers. Values are expressed as mean ±SD.
*** = p<0.001 vs basal. c = p<0.001 vs dose 1.
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ing, etc.  It  plays a role by constricting bronchial smooth 
muscles, leading to narrowing of the airways even at 
low dose, as seen in atopic individuals with heighten 
sensitivity than  normal subjects(Van Schoor et al.,2000; 
Vianna et al.,2002). It was reported that histamine in-
duces contraction of human bronchi as one of its bio-
logical effects(Curry 1946; TsangKW 2004). Accord-
ing to American Lung Association, long-term exposure 
to black carbon and associated pollutants can cause 
chronic obstructive pulmonary disease (COPD) which 
includes chronic bronchitis and emphysema (Pogson 
et al., 2008; Ro 2000; Sterk et al., 1993). Smoking is 
one of the main risk factors for developing COPD, non 
smokers may also develop COPD (Parsons and Mastr-
onarde 2005; Rundell and Jenkinson 2002; Rundell et 
al., 2000). Spirometry is the most common and sensitive 
pulmonary function test, widely used for many years in 
various studies. It is often employed to assess lung func-
tion and predict asthma(Boulet et al., 1997; De Meer et 
al., 2004; Rodrigues et al., 2010). Histamine directly 
activates H1 receptors in airway smooth muscles, lead-
ing to bronchoconstriction (Bimestral 2012; Randolph 
2009; VAN DER LENDE 1993). Bronchi provocative 
test was employed to investigate the effects of chron-
ic inhalation of sulphur fumes used by vulcanizers and 

other associated pollutants like black soot on their respi-
ratory system and predict vulnerability to asthma dis-
ease. Histamine is chosen as a provocator in bronchial 
challenge tests because it plays a key role in inflamma-
tory cellular responses and helps reveal airway sensitivi-
ty (Marone et al., 2001). The results in this study indicat-
ed that  demographic parameters showed no significant 
difference (P>0.001) between test and Control subjects. 
When subjects were exposed to a low dose of histamine, 
there was no significant change in the spirometric values 
of control subjects; however, exposure to a high dose re-
sulted in a pronounced decrease.This was also reported 
by Lotvall et al (1998), that healthy individuals required 
high doses (8-100mg/ml) of a provocator (methacholine 
or histamine) to cause airway resistance. Spirometric 
values were reduced among vulcanizers suggesting in-
flammation and reduced lung function. A study by Raf-
ferty et al (1987) has also opined that inflammation is 
responsible for the release of histamine that exerts ten-
sion on the walls of airway smooth muscles with an ab-
normal decrease in spirometric values of FEV1, FVC, 
PEFR, as well as FEV1% % (Rafferty et al., 1987). A 
report by Echazarreta et al (2001) also confirmed that 
histamine provoked bronchial response when assessed 
the values in FVC, FEV1, PEFR, and FEV1% (Echaz-

1

FIGURE 11.FIGURE 11. Shows mean response in Forced vital capacity between control Subjects and Vulcanizers. Values are expressed as mean ±SD
*** = p<0.001 vs control.
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arreta et al., 2001). Black Soots from burning chambers 
and Sulphuric fumes frequently inhaled by vulcanizers 
can cause damage to the walls of the respiratory tree 
which makes the walls susceptible to inflammation and 
histamine secretion (Rodwell et al., 1992). From the re-
sult of this study, bronchi response occurred in Vulca-
nizers when a low dose (4mg) of histamine concentra-
tion was inhaled. There was hyperreactivity when a high 
dose(16mg) of histamine concentration was inhaled and 
a significant reduction was revealed in spirometric val-
ues (FVC, FEV1, PEFR, and FEV1%). Hyper bronchi 
response is indicative of inflammation of the airways, 
and this correlates with responses of most vulcanizers 
to have been in the occupation for more than five years. 
The FEV1% % was significantly lower in vulcanizers, 
this correlates with evidence from the work of Gaud-
erman et al., (Gauderman et al., 2007)on long-term 
daily exposure to gas pollutants which affected lung 
parameters (FEV1 and FVC) in healthy adults even at 
low concentrations. Reduction in FEV1% below 70% 
alongside with FVC, FEV1, and PEFR is suggestive of 
vulnerability to having asthma disease in future if not 
properly monitored to reduce rate of exposure and inha-
lation. Decreased in FVC, FEV1, PEFR and FEV1%, il-
lustrates that continuous exposure will keep vulcanizers 
at high risk of chronic obstructive pulmonary disease. 
This corresponds with the work of Rahimi et al (2019) 
that concluded individuals exposed to petroleum fumes 
and associated products have decreased spirometric val-
ues. Research by Svedahl et al (2009) also documented 
a significant decrease in lung function parameters in in-
dividuals due to fumes from cooking gas (Svedahl et al., 
2009). Pollutants like fumes, soot, smokes, particulate 
matters and fumes from chemicals have irritation on the 
airway mucosa (Jensen et al., 2001) and has negative 
impact on pulmonary function.     

Conclusion
This study demonstrated that vulcanizers exhibit sig-

nificant airway hyperresponsiveness, characterized by 
bronchoconstriction, following histamine administra-
tion. Chronic inhalation of sulfuric fumes, black soot, 
and other pollutants from automobile exhausts is known 
to worsen airway inflammation in vulcanizers, increas-
ing their risk of developing obstructive pulmonary dis-
eases. Therefore, it is essential to use protective gear 
such as nose masks and work in safer, well-ventilated 

chambers to minimize exposure and safeguard respira-
tory health. 

Limitation of the Study
This is an experimental research article. No grant was 

given from the institution or government. The experi-
mental setting required lots of time and energy to con-
vince subjects to participate in the study.
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