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INFLAMMATORY RESPONSE TO GASOLINE EXPOSURE: INSIGHTS FROM C-REACTIVE PROTEIN LEVEL

ABSTRACT
Aim:
This study investigates the impact of prolonged gasoline exposure on inflammatory response, using C-reactive protein (CRP) levels as a biomarker. 
Methodology:
A cross-sectional case-control study was conducted involving 60 apparently healthy participants (31 males, 29 females, aged 18–45). The experimental group comprised petroleum station attendants with gasoline exposure of over one year, further categorized into subgroups based on exposure duration: 1–2 years, 3–5 years, and over 5 years. Venous blood samples were collected and analyzed for CRP concentrations using standard laboratory methods.
Results:
CRP levels were significantly elevated in the 3–5 years (5.98 ± 2.29 mg/L) and >5 years (5.37 ± 2.88 mg/L) exposure groups compared to the control group (1.25 ± 0.21 mg/L), indicating a notable inflammatory response in long-term exposed individuals. 
Conclusion:
Prolonged exposure to gasoline vapors is associated with systemic inflammation, as evidenced by elevated CRP levels. These findings emphasize the potential health risks for petroleum workers and the importance of implementing occupational health safety measures and regular health screenings.
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1. INTRODUCTION
Exposure to gasoline has been associated with various health hazards, including alterations in haematological parameters and damage to vital organs such as the liver and kidneys. Prolonged contact with gasoline can lead to skin irritation, respiratory distress, and internal organ dysfunction through dermal absorption, inhalation, or accidental ingestion (Asefaw et al., 2020; Christian et al., 2016; Alzahrani & Rajendran, 2019). These effects are caused by the interaction of petroleum constituents with body tissues and their potential to induce inflammation and oxidative stress.
In Port Harcourt, Nigeria, a major city within the oil-rich Niger Delta region, air pollution due to petroleum-related industrial activities is a major environmental and public health concern. Studies have identified the oil and gas sector as a major contributor to ambient air pollution in the city (Zabbey et al., 2021). Residents and workers are increasingly reporting respiratory illnesses such as asthma and pneumonia, indicating a rise in pollution-induced health conditions (Yakubu, 2017). Petroleum pump attendants in this region are thus particularly vulnerable to the long-term effects of air pollution and hydrocarbon exposure.
Petroleum pump attendants play a vital role in fuel station operations, ensuring efficient transactions, fuel dispensation, and basic vehicle checks. In countries like Nigeria, they serve as the frontline operators of fueling services. However, daily exposure to petroleum vapors primarily petrol or gasoline poses serious health risks. Studies have shown that such exposure can alter haematological indices and damage vital organs like the liver and kidneys (Asefaw et al., 2020; Christian et al., 2016; Orolua et al., 2024). Components in gasoline can irritate sensitive tissues and organs including the lungs, skin and cardiovascular system. Direct contact may result in dermatological reactions like rashes and inflammation, while ingestion or inhalation of vapors could impair liver and kidney function (Alzahrani & Rajendran, 2019).
In the Niger Delta region, particularly in Port Harcourt, air pollution from petroleum activities is a growing public health concern. The city, known for intensive oil refining and production, experiences constant exposure to petroleum emissions. Industrial processes involved in oil and condensate production are major sources of airborne pollutants (Zabbey et al., 2021). Residents have recorded increase with respiratory ailments, and studies have noted a rise in diseases such as pneumonia and asthma (Yakubu, 2017). This environmental backdrop underscores the relevance of studying biomarkers like CRP in populations exposed to petroleum vapors.
C-reactive protein (CRP) is an acute-phase protein synthesized by the liver in response to inflammatory cytokines, especially interleukin-6 (IL-6). As a biomarker, CRP is highly sensitive and can increase dramatically up to a thousand-fold during inflammatory conditions, infections, and tissue injury (Sproston & Ashworth, 2018; Mackiewicz et al., 2023). It is widely used in clinical settings to evaluate inflammation severity and has been linked to the pathogenesis of cardiovascular and other systemic diseases (Li & Fang, 2004; Ridker, 2009).
Inflammatory markers are helpful as an adjunctive tool in the overall evaluation of patients with non-specific symptoms and as a management tool in those with inflammatory disease to monitor disease activity and possibility of relapse. Chronic disorders like diabetes and coronary heart disease can arise from unregulated inflammatory responses that have maladapted over decades, even while an inflammatory response to injury or another trigger is required (Van Dyke & Kornman, 2008).
CRP is a pentameric acute-phase protein synthesized predominantly in the liver in response to inflammation. It was first identified by Tillet and Francis in 1930 and is highly conserved across species. The production of CRP is primarily induced by inflammatory cytokines such as interleukin-6 (IL-6) and interleukin-1β (IL-1β), typically in response to infection, trauma, or chronic inflammation (Sproston & Ashworth, 2018; Mackiewicz et al., 2023). CRP levels can rise up to a thousand-fold during acute inflammatory responses and are widely used as a clinical indicator of disease severity (Nehring, 2023).
In cardiovascular medicine, CRP has gained importance due to its strong association with chronic inflammation and cardiac risk. Persistent elevation of CRP levels has been correlated with a higher likelihood of cardiovascular diseases, making it a valuable prognostic biomarker (Li & Fang, 2004; Ridker, 2009).
CRP exists in two structural forms: pentameric CRP (pCRP) and monomeric CRP (mCRP). The pCRP is the native circulating form, while mCRP, often found at sites of tissue damage, exhibits pro-inflammatory properties. The conversion from pCRP to mCRP is facilitated by interactions with activated cells such as platelets, leukocytes, and endothelial cells, further promoting inflammatory responses (McFadyen et al., 2018).
Elevated CRP levels are indicative of underlying inflammation, making it a valuable tool for assessing the physiological impact of environmental and occupational exposures. Given the ongoing exposure of petroleum workers to potentially harmful fumes and chemicals, evaluating CRP levels in this population provides insight into possible inflammatory responses triggered by gasoline inhalation and contact.
Despite the widespread occupational exposure among gasoline attendants, there is limited research investigating the systemic inflammatory effects using CRP as a biomarker. This study was therefore designed to assess and compare C-reactive protein levels in gasoline-exposed attendants with those of a non-exposed control group in Port Harcourt Metropolis, Nigeria. The objective is to determine whether long-term exposure to gasoline is associated with CRP levels and by implication, increased inflammatory response and health risks.

2. METHODOLOGY
[bookmark: _Hlk171191387]In Port Harcourt Metropolis, Nigeria, two distinct populations participated in a cross-sectional case-control study. For this study, a total of 60 participants between the ages of 18 and 45 were enlisted. Blood samples were collected from study participants in plain sample bottles for determination of C-reactive protein levels. After collection, the blood samples were conveyed immediately to the University of Port Harcourt Teaching Hospital where they were separated with a centrifuge and analyzed at the Department of Chemical Pathology, University of Port Harcourt Teaching Hospital, Choba, Rivers State, Nigeria. Samples were centrifuged for 5 minutes at 1000 rpm. The serum was separated from the cells and transferred into a Bijou (sample) bottle at 200C. The C-reactive protein was determined using the latex agglutination method (Singer et al., 1957). The principle is based on an immunological reaction in which the antibodies against C-reactive protein bind to biological inoculated particles and C-reactive protein in the test specimen. When serum containing CRP is greater than 0.6mg/dl is mixed with the latex reagent; visible agglutination occurs. The raw data collated by the present study was analyzed using Statistical Package for Social Science (SPSS) (version 23 for Windows 11, SPSS Inc., Chicago, USA). Descriptive statistics including means, standard deviations, and confidence intervals, were calculated for CRP value.  All statistical tests were two-tailed, and a p-value of <0.05 was considered statistically significant. Results were presented as mean ± standard deviation or mean ± standard error (SE) where appropriate.

[bookmark: _Hlk172658841]3. RESULTS
[bookmark: _Hlk171190510]Table 1 Socio-Demographic Characteristics and Exposure Duration of Study Group at Port Harcourt Metropolis, Rivers State, Nigeria (n=60).
	[bookmark: _Hlk172658861] Confounding Factors
	 Gas Station Attendant
 (n=40)
	 Control Group (n=20)

	 Male n (%)
	 21(52.5%)
	   10 (50%)

	 Female n (%)
	19 (47.5%)
	   10 (50%)

	 Comparison Based on Duration of Exposure

	 Non-exposed 
	 20(33.3%)
	

	1 – 2 years
	 25(41.7%)
	

	 3 – 5 years
	 8(13.3%)
	

	 Above 5 years 
	 7(11.7%)
	

	 Comparison Based on Age of Exposed Participants

	 18 - 25 years
	12 (30%)
	

	 26 - 35 years
	16 (40.0%)
	

	 36 - 45 years
	12 (30%)
	

	 Lifestyle Factors

	 Smokers
	 0
	         0

	 Pregnant
	 0
	         0
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Figure 1. Effects of Gasoline Exposure on C-reactive protein: Comparative Analysis across Different Exposure Durations.

Effects of Gasoline Exposure on Inflammatory Marker (C-reactive Protein): Comparative Analysis across Different Exposure Durations
The bar graph presents the mean levels of the inflammatory marker C-reactive protein (CRP) across different durations of gasoline exposure. The control group (unexposed individuals) recorded the lowest CRP level (1.25 ± 0.21 mg/L), while participants exposed for 1–2 years showed a similar CRP level (1.73 ± 0.77 mg/L), indicating minimal inflammatory response in both groups. However, a marked increase in CRP was observed among those with prolonged exposure: individuals exposed for 3–5 years and over 5 years had significantly elevated CRP levels (5.98 ± 2.29 mg/L and 5.37 ± 2.88 mg/L, respectively).
Statistical analysis revealed significant differences in CRP levels between the control/1–2 years group and the 3–5/>5 years group (p < 0.05). These findings suggest that sustained exposure to gasoline vapours may induce a chronic inflammatory response, as evidenced by the elevated CRP levels in long-term exposed individuals.
4. DISCUSSION
Gasoline contributes significantly to the economy of nations including Nigeria. The pollution due to gasoline exposure can have major adverse effect on the health of these city dwellers, with a major demographical set being petroleum station workers who more or less are in daily contact and hence have regular exposure to this product. Many of the toxicological effects associated with the exposure to gasoline can be attributed to specific components of gasoline such as benzene, toluene, ethylene and xylene, which are also known as volatile organic compounds (Al Madhoun et al., 2008). Some of these constituents are known to be highly toxic or carcinogenic to humans (Folabi & Phan, 2020), negatively impacting hematological profile leading to conditions such as pancytopenia, aplastic anemia and increased risk of developing acute myeloblastic leukemia (Folabi & Phan, 2020; Lee et al., 2015; Ren et al., 2010). Volatile organic compounds have been also associated with a wide variety of deleterious health effects including liver and kidney diseases (Bin-Mefrij & Alwakeel, 2017; Olmedo-Buenrostro et al., 2017). Previous reports by other researchers have elucidated the health impact of petroleum exposure on populations. Some focused on hepatic and renal function significance within a section of a given population whereas others looked closely at the significance of exposure on hematological profile (Asefaw et al., 2020; Teklu et al.,2021). C-reactive protein (CRP) is an acute phase reactant stimulated by inflammatory mediators (Interleukin 6 [IL-6], tumor necrosis factor [TNF-α] and IL-1β), and is superior to Erythrocyte sedimentation rate and other markers (Abraham & Thirumurthi, 2009). Inflammatory response is implicated as a possible biologic mechanism underlying exposure-related health events. Certain particulate matter components, like metals and endotoxin have been found to possess proinflammatory properties (Jacobs et al., 2010). In this study, CRP levels were higher in the 3-5 years and greater than 5 years exposure groups compared to the non-exposed and group exposed for 1-2 years. For the age-wise comparative study, the observation was that the age bracket 26-35 years had the highest CRP levels while those within the ages of 36 - 45 had the lowest CRP level. The higher levels of CRP witnessed in those exposed to petroleum products for a longer period could suggest chronic inflammatory response due to prolonged exposure to toxic compounds such as benzene, toluene, ethylene and xylene (BTEX), which are prominently present in gasoline. These compounds can stimulate the immune system and trigger the release of pro-inflammatory cytokines, leading to elevated CRP levels (Laveti et al., 2013). Numerous studies have found a relationship between occupational exposure to petroleum products and increased inflammatory markers including CRP; for example, research has shown that long term exposure to volatile organic compounds in petroleum fumes can lead to systemic inflammation and oxidative stress, both of which are reflected in elevated CRP levels (Shen et al., 2024; Amor-Carro et al.,2020). In the work carried out by Abdrabouh (2022), investigating the inflammatory and proapoptotic effects of inhaling gasoline fumes on the lung and ameliorative effects of fenugreek seeds, it was reported that the rats exposed to gasoline fumes exhibited a significant increase in pro-inflammatory markers, TNF-α compared to the non-exposed group. What was most significant and instructive about this revelation was that it correlated directly with significant increase in transforming growth factor β1(TGF-β1), collagen type-1 (COL-1) and hydroxyproline (HYP)- fibrotic markers of lung function. He also argued that inflammatory cytokine is released from mast cells recruited to the inflammatory site, as several studies have shown that under normal physiological conditions, no mast cells can be detected in the lungs but can only be observed in the case of inflammation (Komi et al., 2020; Uslu & Yoruk, 2015). The conclusion was that a major health condition upon gasoline exposure is respiratory tract diseases. Hence the findings of this study strongly suggest that respiratory tract diseases could be a major health problem for petroleum attendants who are exposed to gasoline and other petroleum product. These findings highlight the need for regular health of petrol pump station attendants, particularly for those with prolonged exposure, to mitigate potential long-term health risks.

5. CONCLUSION
The study observed significantly higher levels of CRP in attendants exposed to gasoline for over 5 years compared to the control group. This finding suggests that long-term exposure to gasoline can trigger inflammatory responses.

ETHICAL APPROVAL

The University of Port Harcourt's Research Ethics Committee granted ethical approval for this study in order to guarantee adherence to the rules and regulations governing human subjects research.

REFERENCES
Abdrabouh, A. E. (2022). Inflammatory and proapoptotic effects of inhaling gasoline fumes on the lung and ameliorative effects of fenugreek seeds. Scientific Reports, 12(1), 14446.
Abraham, B. P., & Thirumurthi, S. (2009). Clinical significance of inflammatory markers. Current Gastroenterology Reports, 11(5), 360-367.
Al Madhoun, W. A., Ramli, N. A., Yahaya, A. S., Yusof, N. F., Ghazali, N. A., & Sansuddin, N. U. (2008). A framework for monitoring and modelling of BTEX in various development statuses in Penang Malaysia. International Conference of Environment.
Alzahrani, A. M., & Rajendran, P. (2019). Petroleum hydrocarbon and living organisms. Hydrocarbon Pollution and its Effect on the Environment, 71-82.
Amor-Carro, Ó., White, K. M., Fraga-Iriso, R., Mariñas-Pardo, L. A., Núñez-Naveira, L., Lema-Costa, B., Villarnovo, M., Verea-Hernando, H., & Ramos-Barbón, D. (2020). Airway hyperresponsiveness, inflammation, and pulmonary emphysema in rodent models designed to mimic exposure to fuel oil–derived volatile organic compounds encountered during an experimental oil spill. Environmental Health Perspectives, 128(2), 027003.
Asefaw, T., Wolde, M., Edao, A., Tsegaye, A., Teklu, G., Tesfay, F., & Gebremariam, G. (2020). Assessment of liver and renal function tests among Gasoline exposed gas station workers in Mekelle city, Tigray region, Northern Ethiopia. Public Library of Science One, 15(10), e0239716.
Bin-Mefrij, M., & Alwakeel, S. (2017). The effect of fuel inhalation on the kidney and liver function and blood indices in gasoline station workers. Advances in Natural and Applied Sciences, 11(1), 45-50.
Christian, S. G., Elekima, I., Obisike, U. A., & Aleru, C. P. (2016). Effect of petroleum on haematological parameters and lead level in fuel attendants in Port Harcourt, Nigeria. International Journal of Science and Research (IJSR), 5(3), 280-283.
Folabi, T., & Phan, T. (2020). Evaluation of volatile organic compounds and polyaromatic hydrocarbons in Barker Reservoir in Houston, Texas after the 2017 Hurricane Harvey. American Journal of Analytical Chemistry, 11(11), 376-388.
[bookmark: _Hlk173919556]Jacobs, L., Nawrot, T. S., De Geus, B., Meeusen, R., Degraeuwe, B., Bernard, A., Sughis, M., Nemery, B., & Panis, L. I. (2010). Subclinical responses in healthy cyclists briefly exposed to traffic-related air pollution: an intervention study. Environmental Health, 9, 1-8.
Komi, D. E. A., Mortaz, E., Amani, S., Tiotiu, A., Folkerts, G., & Adcock, I. M. (2020). The role of mast cells in IgE-independent lung diseases. Clinical Reviews in Allergy & Immunology, 58, 377-387.
Laveti, D., Kumar, M., Hemalatha, R., Sistla, R., Gm Naidu, V., Talla, V., & Nagpal, R. (2013). Anti-inflammatory treatments for chronic diseases: A review. Inflammation & Allergy-Drug Targets (Formerly Current Drug Targets-Inflammation & Allergy) (Discontinued), 12(5), 349-361.
Lee, S. Y., Park, H. J., Best-Popescu, C., Jang, S., & Park, Y. K. (2015). The effects of ethanol on the morphological and biochemical properties of individual human red blood cells. Public Library of Science One, 10(12), e0145327.
Li, J. J., & Fang, C. H. (2004). C-reactive protein is not only an inflammatory marker but also a direct cause of cardiovascular diseases. Medical Hypotheses, 62(4), 499-506.
Mackiewicz, A., Kushner, I., & Baumann, H. (2020). Acute phase proteins molecular biology, biochemistry, and clinical applications. CRC Press.
McFadyen, J. D., Kiefer, J., Braig, D., Loseff-Silver, J., Potempa, L. A., Eisenhardt, S. U., & Peter, K. (2018). Dissociation of C-reactive protein localizes and amplifies inflammation: evidence for a direct biological role of C-reactive protein and its conformational changes. Frontiers in Immunology, 9, 1351.
Nehring, S. M., Goyal, A., & Patel, B. C. (2017). C reactive protein. In StatPearls. StatPearls Publishing. PMID: 28722873.
Olmedo-Buenrostro, B. A., Ortega-Ortiz, J. G., Guzman-Esquivel, J., Delgado-Enciso, O. G., Ceja-Espiritu, G., Paz-Michel, B. A., Rodriguez-Sanchez, I.P., Martinez-Fierro, M. L., Baltazar-Rodriguez, L.M., Melnikov, V., Rodriguez-Hernandez, A., & Delgado-Enciso, I. (2017). Workplace gasoline exposure increases the risk for early renal dysfunction: A case-control study in Mexico. Biomedical Research, 28(22), 9859-9863.
Orolua, C. C., Monago-Ighorodje, C. C., Ogbonnaya, E. A., & Ezendiokwere, O. E. (2024). Effect of gasoline exposure on some renal and hepatic function parameters of petrol station workers in Port Harcourt Metropolis, Nigeria. Scientia Africana, 23 (5), 123-132.
Ren, C., Melly, S., & Schwartz, J. (2010). Modifiers of short-term effects of ozone on mortality in eastern Massachusetts-a case crossover analysis at individual level. Environmental Health, 9, 1-10.
Ridker, P. M. (2009). C-reactive protein: eighty years from discovery to emergence as a major risk marker for cardiovascular disease. Clinical chemistry, 55(2), 209-215.
Shen, Q., Liu, Y., Li, G., & An, T. (2024). A review of disrupted biological response associated with volatile organic compound exposure: Insight into identification of biomarkers. Science of The Total Environment, 174924.
Singer, J. M., Plotz, C. M., Pader, E., & Elster, S. K. (1957). The latex-fixation test: III. Agglutination test for C-reactive protein and comparison with the capillary precipitin method. American journal of clinical pathology, 28(6), 611-617.
Sproston, N. R., & Ashworth, J. J. (2018, April 13). Role of C-Reactive Protein at Sites of Inflammation and Infection. Frontiers in Immunology, 9.
Teklu, G., Negash, M., Asefaw, T., Tesfay, F., Gebremariam, G., Teklehaimanot, G., Wolde, M., & Tsegaye, A. (2021). Effect of Gasoline Exposure on Haematological Parameters of Gas Station Workers in Mekelle City, Tigray Region, Northern Ethiopia. Journal of Blood Medicine, 12, 839–847.
Uslu, S., & Yörük, M. (2015). A morphological and histometric study on the distribution and heterogeneity of mast cells found in lungs and trachea of Van Cats. Ankara University Veterinary Faculty Journal, 62(2), 87-91.
Yakubu, O. (2017). Particle (soot) pollution in Port Harcourt Rivers State, Nigeria—Double air pollution burden? Understanding and tackling potential environmental public health impacts. Environments, 5(1), 2.
Zabbey, N., Sam, K., Newsom, C. A., & Nyiaghan, P. B. (2021). The COVID-19 lockdown: An opportunity for conducting an air quality baseline in Port Harcourt, Nigeria. The Extractive Industries and Society, 8(1), 244–256.
Van Dyke, T. E., & Kornman, K. S. (2008). Inflammation and factors that may regulate inflammatory response. Journal of periodontology, 79(8 Suppl), 1503–1507. https://doi.org/10.1902/jop.2008.080239




image1.png
CRP (mg/L)
[o)]

N

Effects of PMS Exposure on C-reactive Protein Levels

Control 1-2 years 3-5 years >5 years





