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Gender-Specific Impact of Crude Oil Vapour on
Liver Enzymes: Modulating Effects of Vitamin C

Oyeyemi Adeyemi 1*

! Department of Environmental Management and Toxicology,Federal University of Petroleum
Resources, PMB 1221, Effurun, Delta State, Nigeria

Abstract: This study holds considerable significance due to the pervasive exposure of
individuals in the Niger-Delta region of Nigeria to crude oil vapour on a daily basis,
either as a consequence of occupational activities or as a result of oil spillage incidents.
The experiment involved subjecting rats to varying concentrations of crude oil vapour
over duration of 28 days. A total of forty-eight rats, consisting of twenty-four males and
twenty-four females, were randomly assigned to six groups, each comprising five rats
of both genders. Group A served as the control and received no treatment, while group
B received oral administration of 400 mg/kg bw vitamin C. Groups C to F were exposed
to crude oil vapour at concentrations of 25%, 50%, 75%, and 100% v/v, respectively,
along with oral co-administration of vitamin C. At the conclusion of the experiment, the
rats were euthanized, and their livers were isolated for subsequent standard enzyme
assays, specifically alkaline phosphatase (ALP) and gamma glutamyl transferase
(GGT), performed on both liver tissue and serum samples from male and female rats.
In male rats, the ALP activity in both liver tissue and serum samples of rats in Group B
and rats in Group C exhibited no significant difference (p>0.05) compared to the
Control rats (Group A). Conversely, the liver ALP activity in female rats exposed to
25%, 50%, and 75% concentrations of crude oil vapour showed no significant difference
(p>0.05) but was significantly lower (p<0.05) compared to the Control group. The
findings from this study indicate that crude oil vapour has detrimental effects on liver
function, but vitamin C demonstrates a modulating role at a lower concentration (25%)
of crude oil vapour, particularly among male rats.
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1. Introduction

Volatile organic compounds (VOCs) are a group of chemical compounds that can be
derived from both natural (biogenic) and human-made (anthropogenic) sources. They
are commonly found in a variety of petroleum-based products, including fuel oils,
solvents, and gasoline. VOCs encompass organic compounds with boiling points
ranging from 50°C to 260°C. Among the frequently encountered VOCs are BTXS
(benzene, toluene, xylenes, and styrene), ethylbenzene, terpenes (such as limonene and
a-pinene), acetone, n-hexane, and epichlorohydrin. Notable indoor carbonyl compounds
include acetaldehyde and formaldehyde (Salehpour et al., 2019).

The liver serves as the primary organ responsible for detoxifying VOCs. Liver enzyme
levels have been observed to increase in cases of liver damage. Epidemiological studies
have also established a connection between liver damage, such as cholestasis, and
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chronic exposure to organic solvents in industrial workers. Exposure to excessive levels
of a mixture of aromatic solvents can result in mild cholestatic hepatic dysfunction
(Salehpour et al., 2019).

Ascorbic acid, commonly known as vitamin C, is a well-known vitamin found
abundantly in various fruits and vegetables. It is also available as an over-the-counter
supplement. Ascorbic acid plays crucial physiological roles in cells as a reducing agent,
antioxidant, and free radical scavenger (Abdulrazzaq et al., 2019).

The hepatoprotective properties of vitamin C are attributed to its antioxidant activity.
As a major water-soluble antioxidant, vitamin C is believed to directly or indirectly
reduce lipid peroxidation by regenerating vitamin E. In extracellular fluids, vitamin C
acts as an effective free radical scavenger, protecting biomembranes from peroxide
damage. It scavenges singlet oxygen, superoxide, hydroxyl radicals, water-soluble
peroxyl radicals, and hypochlorous acid. Vitamin C also acts as an electron donor or
reducing agent, inhibiting hepatotoxicity induced by drugs, heavy metals,
organophosphate insecticides, and other chemical agents. It restores enzyme levels in
intoxicated animals and enhances the activities of free radical scavengers, such as
superoxide dismutase and catalase glutathione peroxidase. By preventing microsomal
lipid peroxidation, liver fibrosis, liver necrosis, and hepatic inflammation, vitamin C
exerts hepatoprotective effects (Adikwu & Deo, 2012).

Limited research exists regarding a comparative study investigating the differential
effects of crude oil vapour on males and females, as well as the potential role of oral
administration of vitamin C in modulating these effects. However, this study was
conducted to specifically examine the gender-specific impact of crude oil vapour and
the potential moderating influence of vitamin C on certain liver enzymes.

In this study, the researchers aimed to elucidate whether there were gender-based
variations in the response to crude oil vapour exposure and whether oral administration
of vitamin C could mitigate any adverse effects on liver enzymes. The study design
involved exposing both male and female rats to crude oil vapour and assessing changes
in liver enzymes. Additionally, a group of rats received oral supplementation of vitamin
C to investigate its potential protective effects.

This study aimed to address the knowledge gap regarding gender-specific responses to
crude oil vapour and the potential hepatoprotective role of vitamin C. By conducting
this research, a better understanding of the impact of crude oil vapour exposure on liver
enzymes in males and females could be gained, along with insights into the efficacy of
vitamin C supplementation in ameliorating any adverse effects.

2. Materials and Methods
Reagents

Reagents and solvents were of analytical grade and are products of British Drug House,
Poole, England.

Crude oil Used

The crude oil was obtained from Warri refinery and Petrochemical Company (WRPC),
Effurun, Delta State. Nigeria.
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2.1. Experimental Rats and Treatments

The forty-eight (48) Albino rats (Rattus norvegicus) used in this study, consisting of 24
males and 24 females, were obtained from the Animal Holding of the Department of
Anatomy, University of Benin, Benin-City, Nigeria. Before the experiment commenced,
the rats were allowed to acclimatize for a period of seven (7) days.

The rats were divided into two major groups based on gender, with male albino rats
housed in six plastic cages, each containing four animals, and the same arrangement
was applied for the female albino rats. These groups were further divided into six
subgroups (A, B, C, D, E, and F) based on the specific treatments they received.

The following treatment groups were assigned to the rats:

Group A: (Control group) Rats were not exposed to crude oil vapour and did not receive
oral co-administration of vitamin C.

Group B: Rats received oral administration of 400 mg/kg bw vitamin C but were not
exposed to crude oil vapour.

Group C: Rats were exposed to vapour of 25% v/v crude oil and received oral co-
administration of 400 mg/kg bw vitamin C.

Group D: Rats were exposed to vapour of 50% v/v crude oil and received oral co-
administration of 400 mg/kg bw vitamin C.

Group E: Rats were exposed to vapour of 75% v/v crude oil and received oral co-
administration of 400 mg/kg bw vitamin C.

Group F: Rats were exposed to vapour of 100% v/v crude oil and received oral co-
administration of 400 mg/kg bw vitamin C.

It is important to note that the crude oil used in the study was diluted with distilled water
to achieve the desired concentrations for exposure. The rats in each group were
subjected to the specified treatment conditions throughout the duration of the
experiment.

The experimental rats were provided with ad libitum access to commercial rat chow and
water throughout the entire duration of the experiment. They were fed a balanced pellet
food to meet their nutritional requirements.

The rats were housed in standard laboratory conditions, maintaining a temperature of
25 = 1°C. The housing environment followed a 12-hour dark/light cycle and had a
humidity level of 50%. These conditions were maintained to ensure a consistent and
controlled environment for the animals.

All necessary ethical guidelines and regulations regarding the use of animals for
research purposes were strictly adhered to. The experiment protocol was reviewed and
approved by the ethics committee of the Federal University of Petroleum Resources,
Effurun (FUPRE), Nigeria. The welfare and well-being of the animals were given
utmost consideration throughout the study.

2.2. Anaesthetisation of Animals and Isolation of Tissues

The rats were anesthetized by placing them in a jar containing cotton wool soaked with
chloroform. This method of anesthesia is commonly used in animal research. After
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being anesthetized, the rats were sacrificed by jugular puncture, which involves
puncturing the jugular vein to ensure a swift and humane euthanasia.

Following the sacrifice, the heart of each rat was carefully removed and placed in a
beaker containing ice-cold 0.25M sucrose solution. The sucrose solution helps to
preserve the integrity of the heart tissue and minimize any potential damage during the
process.

To obtain blood samples, the jugular veins of the rats were used. Blood was collected
from each rat and transferred to appropriate collection tubes. These blood samples were
then subjected to centrifugation at 3,500rpm for approximately 15 minutes. A
refrigerated centrifuge model RC650s was used for this purpose. Centrifugation helps
separate the blood into its components, with the heavier components settling at the
bottom of the tube.

After centrifugation, the serum, which is the liquid portion of the blood, was carefully
separated from the other components. The serum was preserved by storing it at a
temperature of -8°C to maintain its stability and prevent degradation. The preserved
serum would later be used for various analyses and measurements in the study.

2.3. Preparation of Homogenate

After isolating the tissues, they were weighed to determine their mass. A portion of each
tissue was then cut out and chopped into very small pieces to facilitate further
processing. To homogenize the tissue samples, a pre-cooled pestle and mortar were used
in a bowl filled with ice cubes. Homogenization helps break down the tissue into smaller
particles and ensures uniformity in subsequent analyses.

To create homogenates, the tissue pieces were thoroughly mixed and crushed using the
pestle and mortar. This process helps release cellular components and biochemical
substances present in the tissue.

To achieve the desired dilution, the tissue homogenates were mixed with 0.25M sucrose
solution. The dilution ratio used was 1 in 30, meaning that 1 part of tissue homogenate
was combined with 30 parts of the sucrose solution. Dilution is often necessary to ensure
accurate measurements and prevent interference from undiluted samples.

Once the tissue homogenates were appropriately diluted, they were stored at a
temperature of -80C. The low temperature helps maintain the stability and integrity of
the homogenates, preserving the biochemical composition until they were required for
further analysis in the study.

2.4. Enzyme assay

The activity of ALP (alkaline phosphatase) in the serum and tissues of the experimental
rats was measured using a modified version of the method described by Bessey et al.
(1946) and Wright et al. (1972). This method relies on the hydrolysis of phosphate esters
by the ALP enzyme within a specific time period. The amount of phosphate ester
hydrolyzed is indicative of the ALP activity present in the sample.

To determine the protein concentration in the tissues of the experimental rats, the
method reported by Gornal et al. (1949) was followed. This method involves the
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formation of a purple-coloured complex between cupric ions in alkaline solution and
compounds containing repeated-CONH-links, such as proteins. The coordination
between cupric ions and peptide nitrogen and oxygen of water results in the formation
of the coloured coordination complex, giving rise to the purple colouration. The
intensity of the purple colour is proportional to the protein concentration in the sample.

The activity of GGT (gamma glutamyl transpeptidase) was determined using the
method described by Tietz (1990). In this method, GGT transfers glycylglycine to L-y-
glutamyl-p-nitroanilide, resulting in the formation of L-y-glutamylglycylglycine and p-
nitroaniline. The production of p-nitroaniline is measured and used as an indicator of
GGT activity in the sample.

3. Results

Figure 1 depicts the specific activity of alkaline phosphatase (ALP) in the liver and
serum of male rats subjected to crude oil vapour exposure and oral co-administration of
vitamin C. The ALP activity in both the liver and serum of rats in Group B (treated with
oral vitamin C but not exposed to crude oil vapour) and rats in Group C (exposed to
25% crude oil vapour and oral vitamin C) exhibited no significant difference (p>0.05)
when compared to the Control group (rats not treated with vitamin C and not exposed
to crude oil vapour). However, beyond the 25% crude oil concentration, vitamin C failed
to sustain ALP activity, leading to a significant reduction (p<0.05) in liver ALP activity
compared to the control. Conversely, in the serum, a noteworthy increase (p<0.05) in
ALP activity was observed in rats exposed to crude oil vapour concentrations of 50%,
75%, and 100%. Specifically, the serum ALP activity in rats from Group F (exposed to
100% crude oil vapour and oral vitamin C administration) was approximately four times
higher than that of the Control group.
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Figure 1. Specific activity of alkaline phosphatase (ALP) of liver and serum of male rats exposed vapour of
crude oil and oral co-administration of vitamin C. Bars bearing different superscripts are significantly
different (P<0.05). Plotted data are means of three (3) determinations £ SEM.
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Figure 2. Specific activity of alkaline phosphatase (ALP) of liver and serum of female rats exposed vapour
of crude oil and oral co-administration of vitamin C. Bars bearing different superscripts are significantly
different (P<0.05). Plotted data are means of three (3) determinations + SEM.

The liver alkaline phosphatase (ALP) activity in female rats exposed to 25%, 50%, and
75% crude oil concentrations showed no significant difference (p>0.05) compared to
the Control group, but it was significantly lower (p<0.05) than the Control group.
However, at 100% crude oil concentration, the liver ALP activity was approximately
one-third of that observed in the Control group.

Conversely, the serum ALP activity in rats exposed to crude oil vapour at 50%, 75%,
and 100% concentrations was significantly higher (p<0.05) than that of the Control
group. Specifically, at 100% crude oil concentration, the serum ALP activity in female
rats was approximately twice as high as that of the Control group.
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Figure 3. Specific activity of alkaline phosphatase (ALP) of liver of rats exposed vapour of crude oil and oral
co-administration of vitamin C. Bars bearing different superscripts are significantly different (P<0.05). Plotted
data are means of three (3) determinations + SEM.

When both male and female rats were combined and their liver alkaline phosphatase
(ALP) activity was evaluated (Figure 3), it was observed that the enzyme activity
decreased significantly (p<0.05) as the concentration of crude oil vapour increased
compared to the Control group. The liver ALP activity of rats exposed to 100% crude
oil vapour and oral administration of vitamin C (Group F) was approximately one-third
of that observed in the Control group.

However, in the serum (Figure 4), the ALP activity increased significantly (p<0.05)
with an increasing concentration of crude oil vapour. The enzyme activity in Group F
rats was approximately two and a half times higher than that of the Control group.
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Figure 4. Specific activity of alkaline phosphatase (ALP) of serum of rats exposed vapour of crude oil and
oral co-administration of vitamin C. Bars bearing different superscripts are significantly different (P<0.05).

Plotted data are means of three (3) determinations + SEM.
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Figure 5. Specific activity of gamma glutamyl transferase (GGT) of liver of male rats exposed vapour of
crude oil and oral co-administration of vitamin C. Bars bearing different superscripts are significantly
different (P<0.05). Plotted data are means of three (3) determinations + SEM.

The liver gamma glutamyl transferase (GGT) activity in male rats exposed to 25%, 50%,
and 75% crude oil vapour concentrations showed no significant difference (p>0.05)
compared to the Control group, but it was significantly lower (p<0.05) than the Control
group. On the other hand, the serum GGT activity in male rats increased significantly
(p<0.05) as the concentration of crude oil vapour increased, as depicted in Figure 5.
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Figure 6. Specific activity of gamma glutamyl transferase (GGT) of liver of female rats exposed vapour of
crude oil and oral co-administration of vitamin C. Bars bearing different superscripts are significantly
different (P<0.05). Plotted data are means of three (3) determinations + SEM.

In the case of female rats, the liver gamma glutamyl transferase (GGT) activity in Group
C was not significantly different from that of Group B, as illustrated in Figure 6.
Similarly, the GGT activity in the liver of rats in Groups E and F showed no significant
difference (p>0.05). However, when it comes to the serum enzyme levels, there was a
significant difference (p<0.05) between the two groups. It is noteworthy that the serum
GGT activity in rats from Groups E and F was approximately 10 and 12 times higher,
respectively, compared to the Control group.
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Figure 7. Specific activity of gamma glutamyl transferase (GGT) of liver of rats exposed vapour of crude oil
and oral co-administration of vitamin C. Bars bearing different superscripts are significantly different
(P<0.05). Plotted data are means of three (3) determinations + SEM.

According to Figure 7, the liver gamma glutamyl transferase (GGT) activity exhibited
a significant decrease (p<0.05) as the concentration of crude oil vapour increased. On
the other hand, Figure 8 demonstrates that the serum GGT activity increased

significantly (p<0.05) with an increasing concentration of crude oil vapour.
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Figure 8. Specific activity of gamma glutamyl transferase (GGT) of serum of rats exposed vapour of crude
oil and oral co-administration of vitamin C. Bars bearing different superscripts are significantly different
(P<0.05). Plotted data are means of three (3) determinations + SEM.

4. Discussion

Exposure to crude oil is prevalent among individuals working in oil rigs and those
residing in areas affected by oil spills. While individuals working in rigs may have some
level of protection through personal protective equipment, those in spill-impacted areas
are often unprepared and vulnerable to the harmful effects of crude oil fumes. One
recognized mechanism by which crude oil fumes exert their effects is through a free
radical mechanism, leading to the generation of reactive oxygen species and depletion
of the host's antioxidant pool (Adeyemi and Adeyemi, 2020).

The present study aims to investigate the modulating effect of vitamin C on the impact
of crude oil vapour, with a focus on identifying the more sensitive gender between males
and females and assessing the effects on the combined male and female population.

Alkaline phosphatase (ALP) is a metalloenzyme that is anchored to the cell membrane
through a glycosylphosphatidylinositol (GPI) (Atkins et al., 2011). It is a glycoprotein
consisting of an external domain and a catalytic domain with a serine base. The activity
of ALP relies on the binding of two Zn+2 ions and one Mg+2 ion to the enzyme's active
site. The serine base can inhibit the activity of the ALP enzyme (Banaee and Tabheri,
2019). Therefore, ALP activity is dependent on the concentration of these ions in cells
and intercellular fluids (Banaee et al., 2011; Nafisi et al., 2014; Soleimany et al., 2016).
Gender, health status, ontogeny (Kim et al., 2001), oral supplement administration
(Taheri et al., 2017; Gholizadeh et al., 2018), pollutant exposure, and environmental
factors can significantly influence ALP activity (Woo et al., 2018).

The observed decrease in liver ALP activity and the corresponding increase in serum
ALP activity suggest a deleterious effect of crude oil vapour exposure. ALP plays a
crucial role in phosphate hydrolysis, membrane transfer (Derikvandy et al., 2020), and
transphosphorylation of various biomolecules under alkaline pH conditions, such as
nucleotides, proteins, and alkaloids (Nematdoost et al., 2017). The enzyme's activity is
vital for cell growth, programmed cell death (apoptosis), and cell migration (Banaee et
al., 2019c). Differentiation of B lymphocytes into plasmocytes often results in increased
ALP activity (Akcakaya et al., 2007). The synthesis of ALP primarily occurs in the liver
and to a lesser extent in bones, intestines, and kidneys (Telega, 2018). Furthermore, the
expression of the ALP gene has been observed in endothelial blood vessels and brain
tissue in fish (Goishi and Klagsbrun, 2004). ALP activity is crucial for bone
mineralization (Atkins et al., 2011), and to date, 12 isoenzymes of ALP have been
identified with potentially different origins and synthesis sites. ALP also plays a critical
role in glycogen metabolism (Kim et al., 2001), where its activity in hepatocytes can
inhibit phosphorylase and increase the rate of glycogen breakdown in the liver (Raisi et
al., 2018). Increased synthesis and activity of ALP can provide essential energy for
stressed cells (Agrahari et al., 2007; Saha and Kaviraj, 2009).

Gamma glutamyl transferase (GGT) is an enzyme involved in the metabolism of
glutathione and cysteine. It serves as a standard liver enzyme test that reflects the
involvement of the biliary tract. GGT also exhibits prooxidant activity and modulates
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endothelial dysfunction. It has been associated with the metabolic syndrome and plays
a role in various aspects of cardiovascular disease, including cardiovascular mortality,
atrial fibrillation, and exacerbation of congestive heart failure (Cobbina and Akhlaghi,
2017).

GGT is a glycosylated protein located on the outer surface of the plasma membrane. It
is responsible for transferring glutamyl groups from gamma glutamy!l peptides to other
peptides. GGT is distributed in all organs except for muscle cells and plays a role in
protein synthesis, transmembrane transport, counteracting oxidative stress by providing
cysteine for the regeneration of intracellular glutathione, and participating in the
detoxification of certain drugs (Sotil, 2004).

The results of the present study indicate that crude oil vapour has an adverse effect on
liver function, but vitamin C has a modulating role, especially at low concentrations
(25%) of crude oil vapour, particularly in male rats.

GGT has been proposed as a predictive biomarker for cellular antioxidant deficiency
and several disease states. It significantly contributes to oxidant activity, and variations
in GGT levels have been observed based on gender, ethnicity, regional differences, and
environmental factors. Glutathione (GSH), an important antioxidant defense, plays a
role in endothelial-mediated vasodilation. Impaired GSH function leads to an
uncontrolled increase in free radicals, resulting in oxidative stress from insufficient
antioxidant defense and dysregulated glucose and lipid homeostasis. This oxidative
stress, coupled with vascular inflammation, leads to endothelial dysfunction, which is
associated with atherogenesis and microvascular disease (Koenig and Seneff, 2015).

GGT is abundant in the liver, kidney, pancreas, bowel, and prostate. Although the
kidney has higher GGT activity than the liver, serum GGT is considered to originate
from the biliary canaliculi and has been used as a liver test for many years. The liver
isoenzyme of GGT is particularly important in diagnosing cholestatic liver disease and
monitoring drug-induced liver damage. If GGT levels are elevated along with alkaline
phosphatase (ALP), it is highly likely that the ALP is of hepatic origin, indicating
cholestatic liver disease. GGT is also useful in assessing the severity of liver disease in
chronic alcoholics and monitoring the progression of alcoholic liver disease and
alcohol-drinking habits in chronic alcohol consumption (Cobbina and Akhlaghi, 2017).

Based on the findings of the present study, several conclusions can be drawn:

1. Crude oil vapour poses a health hazard: The experimental evidence
demonstrates that exposure to crude oil vapour has deleterious effects on liver
function. The alterations in ALP and GGT activity in the liver and serum
indicate the adverse impact of crude oil vapour on the body.

2. Hazardous effect is concentration-dependent: The concentration of crude oil
vapour, specifically the oil/water ratio, plays a significant role in determining
the extent of its hazardous effects. The study indicates that as the concentration
of crude oil vapour increases, the activity of ALP and GGT in the liver and
serum is significantly affected.

3. Modulating effect of vitamin C: Vitamin C has been shown to exert a significant
modulating effect on the impact of crude oil vapour. Particularly at low
concentrations (25%) of crude oil vapour, vitamin C appears to mitigate the
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adverse effects on liver function. This suggests that vitamin C supplementation
may have a protective role against the harmful effects of crude oil exposure.

4. Gender differences in biomarker sensitivity: The study highlights gender

differences in the sensitivity of biomarkers. In male rats, ALP activity in the
liver and serum appears to be a more sensitive biomarker, whereas in female
rats, GGT activity in the liver and serum demonstrates higher sensitivity. This
suggests that the response to crude oil vapour exposure may vary between males
and females.

It is important to note that these conclusions are based on the specific experimental
conditions and findings of the present study. Further research is needed to validate and
expand upon these findings, considering other potential factors and variables that may
influence the effects of crude oil vapour exposure on liver function and the modulating
role of vitamin C.
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