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ABSTRACT

Phenanthrene, an aromatic compound, represents the majority of polycyclic aromatic hydrocarbons found in the
environment. Sources include, burnt smoky coal particles, soil and sediment, diesel emissions, tobacco and food
smoke. The aim of the study was to determine the effect of phenanthrene on oxidative stress markers in male
wistar rats. Fifty healthy rats weighing between 100 and 180g were used for this study. They were administered
phenanthrene via oral gavage at Smg and 10mg over 21days, 180mg and 900mg once. Results of the experiment
showed significant increase in Superoxide dismutase, Xanthine oxidase levels and in Total antioxidant capacity.
Phenanthrene increased oxidative stress, in male wistar rats.

BACKGROUND

Phenanthrene is an aromatic compound with three benzene rings forming the main structure. It was discovered
in coal tar by E. Ostermayer in 1872. Phenanthrene derivatives are compounds obtained by transformation and
derivation of new compounds from the already existing structure of phenanthrene. These derivatives consist of:
mono-substituted phenanthrene, diametrical phenanthrene, polysubstituted phenanthrene, phenanthrequinone
and dihydrophenanthrene. (Li et al., 2022). Phenanthrene represents the majority of polycyclic aromatic
hydrocarbons found in the environment. It is found in a variety of areas including: burnt smoky coal particles
(Mumford et al., 1995), soil and sediment, diesel emissions (Westerholm ez al., 2001), tobacco and food smoke
(Marti-Cid et al, 2008). Phenanthrene has a low molecular weight and is not normally carcinogenic (Martins et
al., 2013). It is one of the most commonly found polycyclic aromatic hydrocarbons in the environment, largely
due to the abundant amounts found in petroleum, creosote and coal tar in sediments (Santana et al., 2015).
Phenanthrene is a very dangerous chemical commonly found in air, soil and water (Kang ef al., 2023). It is a
type of polycyclic aromatic hydrocarbon that poses a serious threat to the lives of people exposed to it (Li et al.,
2024). Exposure to phenanthrene for a long period of time makes an animal highly susceptible to hepatotoxicity
(Hong et al., 2017).

The liver, the largest internal organ in the body, plays a crucial role in secretion, digestion, blood detoxification
and nutrient storage (Kubes ef al., 2018). It is extremely vulnerable to toxicants because constant exposure of
hepatocytes to environmental toxins can significantly impair liver function and ultimately cause liver damage
(Zheng et al., 2011). The effect of phenanthrene on the liver is not completely known, as most research done on
the effects of phenanthrene in the liver has focused on aquatic animals (Yin ef al., 2007), which do not share the
same phenotype as humans and as such cannot be used to understand how phenanthrene will affect the human
internal structure. For this reason, it is important to investigate the effect of phenanthrene on male wistar rats,
which share similar internal structure to that of humans. The aim of the study was to determine the effect of
phenanthrene exposure on oxidative stress markers of male wistar rats.
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Structure of Phenanthrene (Hintze et al., 2010).

MATERIALS AND METHODS

Fifty healthy rats weighing between 100 and 180g were used for this study. The animals were obtained from the
animal house of Igbinedion University, Okada, Edo State and they were distributed randomly into five well
ventilated plastic cages with wood beddings with 10 rats each, where they were kept for two weeks before
commencement of the experiment for acclimatization. They were fed with pelletized commercially prepared
growers mash purchased in a local store in Okada, Edo State and had access to water. They were housed at
standard laboratory conditions under 12h light/12h dark cycle. The cages were continuously kept clean every
day to ensure good hygiene and prevent the animals from disease.

The animals were randomly assigned into five groups of ten rats per group. They were administered
phenanthrene via oral gavage at 5Smg and 10mg over 21days, 180mg and 900mg once.

Analytical Procedure

The Phenanthrene administration was done for 21 days. At the end of the experiment, the rats were weighed and
blood samples collected through retro-orbital puncture for hematological analysis. Biochemical analysis was
carried out using spectrophotometric method. The antioxidant assay was done using standard procedure and
protocol (Westerfield et al. 1959).

Ethical Principles

Permission to carry out the research work was given by the department of Physiology Igbinedion University
Okada. The research work followed ethical guidelines on animal handling protocol as provided by the
department of Physiology Igbinedion University Okada.
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Fig 1. Effect of Phenanthrene (Phe) on Superoxide Dismutase (SOD) in the liver.
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Bars are expressed in (1.327 £ 0.05302), (1.364 £ 0.07305). a, b, ¢ represent significant differences when
compared with control, 5Smg and 10mg groups respectively. (p<0.05).

Figure 1 showed the effect of Phenanthrene on Superoxide Dismutase (SOD) in the liver. There was a significant
increase in the levels of SOD in the 180mg and 900mg groups when compared with control. There was
significant increase in levels of SOD in the 180 and 900mg groups when compared with Smg group. There was
significant increase in levels of SOD in the 180 and 900mg groups when compared with 10mg group. Meanwhile,
there was no statistically significance difference between 900mg group when compared to 180 group. There was
no significance difference between 10mg group when compared to Smg group and control. There was also no
significant difference between Smg group when compared with control.
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Fig 2: Effect of Phenanthrene (Phe) on catalase (CAT) in the liver.

Bars are expressed in (64.71 +10.22), (14.69 + 0.4072). a, b, ¢, represent significant differences when compared
with control group, Smg group and 10mg group respectively. (p <0.05).

Figure 2, showed the effect of Phenanthrene on catalase in the liver. There was a significant increase in the level
of catalase in the 5Smg group when compared with control. There was significant decrease in the level of catalase
in 900mg group when compared with control. There was significant decrease in 10mg, 180mg and 900mg group
when compared with 5Smg group. There was a significant decrease in 900mg group when compared with 10mg
group. Meanwhile, there was no significance in 10mg and 180mg group when compared with control group.
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Figure 3: Effect of Phenanthrene (Phe) on Total Antioxidant Capacity assay (TAC) in the liver.
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Bars are expressed in (3.450 £0.1559), (8.685+0.1381), (6.537+0.01827), (12.66 £ 0.1795). a, b, c, d represent
significant differences when compared with 5mg/kg, 10mg/kg, 180mg/kg and 900mg/kg groups respectively
(p<0.05).

Figure 3 showed the effect of Phenanthrene on Total Antioxidant Capacity assay (TAC) in the liver. There was
significant decrease in levels of TAC in S5mg, 10mg, 180mg and 900mg groups when compared to control. There
was significant increase in levels of TAC in 10mg, 180mg and 900mg groups when compared with Smg group.
There was significant decrease in levels of TAC in 180mg group when compared with 10mg group. There was
significant increase in levels of TAC in 900mg group when compared with 10mg group. There was significant
increase in levels if TAC in 900mg group when compared with 180mg group.
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Fig 4: Effect of Phenanthrene (Phe) on Xanthine Oxidase (XO) in the liver.

Bars are expressed in (0.009 £+ 9.364), (0.02321 + 0.002071). a, b, c, d represent significant differences when
compared to control groups, Smg, 10mg and 180mg respectively. (p<0.05).

Figure 4, showed the effect of Phenanthrene on Xanthine Oxidase (XO) in the liver. There was a significant
decrease in the level of XO in the Smg group when compared with control. There was a significant increase in
the level of XO in 900mg group when compared with control. There was a significant increase in level of XO in
10mg, 180mg and 900mg group when compared to Smg group. There was a significant increase in level of XO
in 180mg and 900mg groups when compared to 10mg group. There was a significant increase in level of XO in
900mg group when compared to 180mg group. There was no significant difference between 10mg and 180mg
group when compared with control group.

DISCUSSION

Oxidative stress is known to be an important mechanism of Polycyclic Aromatic Hydrocarbon (PAH) -induced
toxicity (Shi et al., 2005). PAHs have been shown to be associated with a variety of toxic effects including
oxidative stress, inflammation, and immunological disorders, after they are metabolically activated to
electrophilic intermediates. These reactive intermediates are able to covalently bind to DNA or participate in
redox cycles. This process leads to an overproduction of reactive oxygen species, also known as ROS (Omayma
et al., 2016). Antioxidant defenses, which include enzymes such as superoxide dismutase (SOD) and catalase
(CAT); can be induced by a mild oxidative stress as a compensatory response. However, a severe oxidative stress
suppresses the activities of these enzymes and can lead to oxidative damage. (Yin et al, 2007). Phenanthrene
can accumulate in the liver and induce OH production, leading to oxidative stress that alters the activities of
antioxidant enzymes such as catalase and superoxide dismutase (Yin et al., 2007).
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Superoxide dismutase (SOD) is the first detoxification enzyme and the most powerful antioxidant in the cell
(Ighodaro and Akinloye, 2017). It acts as a first line of defense against reactive oxygen species and helps
neutralize the superoxide ion of the free radical (Ighodaro and Akinloye, 2017). In this study, the results show a
significant increase in superoxide dismutase levels in the 180mg and 900mg groups in comparison to control.
This is possibly due to oxidative stress in the liver of these groups, as increased superoxide ion in the cells
stimulates the first-order antioxidant enzyme superoxide dismutase to begin oxidizing superoxide anion to
hydrogen peroxide and molecular oxygen (Ighodaro and Akinloye, 2017). However, this may cause the
accumulation of hydrogen peroxide in the cells. This accumulation will lead to significantly increased amounts
of hydrogen peroxide in the cells. This significant increase in the amount of Hydrogen Peroxide in the cells is
also known as high levels of hydrogen peroxide in the cells, which is extremely toxic (Ighodaro and Akinloye,
2017). This finding is similar to that in the study carried out by (Ma et al., 2020), where administration of
phenanthrene led to increased superoxide dismutase levels.

Catalase is a common antioxidant enzyme that is found in almost all living tissues that utilize oxygen. Its function
is to convert hydrogen peroxide to water and oxygen, thereby neutralizing it (Ighodaro and Akinloye, 2017).
This 1s because Hydrogen Peroxide accumulated at high levels in the body can cause cell damage and oxidative
stress (Ighodaro and Akinloye, 2017). Oxidative stress is a phenomenon that occurs when the number of reactive
oxygen species in the cells is significantly greater than the number of antioxidants needed to neutralize them
(Silvestrini et al., 2023).Catalase levels were measured using spectrophotometry. In this study, the results show
a decrease in catalase in the 900mg group in comparison to the control group, which may have been as a result
of oxidative stress. (Pal et al., 2023). This decrease in Catalase could have been as a result of the increase in
Superoxide dismutase levels. Because the superoxide dismutase is “working overtime” to oxidize the ever
increasing levels of superoxide ion in the cells, there becomes excess hydrogen peroxide for the catalase to “clean
up”. The more that catalase is being utilized to oxidize the hydrogen peroxide into oxygen and water, with an
ever increasing amount of hydrogen peroxide levels, the less catalase there is to perform any antioxidant activity.
Eventually, the number of hydrogen peroxide levels significantly increases more than the levels of catalase
needed to oxidize it. This leads to oxidative stress (Ighodaro and Akinloye, 2017). This is similar to the work of
(Ma et al., 2020) where administration of environmental toxicant Phenanthrene also led to decrease in catalase.
It is also similar to the work of Yin ef al., 2007, in which catalase also reduced upon exposure to phenanthrene.

Total Antioxidant capacity is a measure of the ability of a biological system to neutralize oxidants and free
radicals (Silvestrini ef al., 2023). It is an important biochemical in medical and nutritional studies, as it provides
insight into the overall antioxidant status and oxidative stress in the body (Kusano and Ferrari, 2008). In this
study, there was a significant decrease in total antioxidant capacity levels in the 5Smg, 10mg, 180mg and 900mg
groups in comparison to the control group. This might have been as a result of oxidative stress in the livers of
these groups (Pal ef al., 2023), impairing the ability of their antioxidants to combat against the reactive oxygen
species over produced as a result of the environmental toxicant phenanthrene in their livers (Ma et al., 2020).

Xanthine oxidase is a form of xanthine oxidoreductase, a type of enzyme that generates reactive oxygen species.
These enzymes catalyze the oxidation of hypoxanthine to xanthine and further catalyze xanthine to uric acid
(Battelli ef al., 2014). During severe liver damage, xanthine oxidase is released into the blood, so a blood assay
for xanthine oxidase is a way to determine if severe liver damage occurred (Pacher et al., 2006). In this study
there was a significant increase in xanthine oxidase levels in 900mg/kg group of the rats in comparison to control.
This might have resulted in accumulation of uric acid in the joints of the 900mg/kg group, causing various
diseases (Battelli e al., 2014). There was a significant decrease in the 5Smg/kg group in comparison to control,
probably as a result of superoxide anion suppression by the increase in superoxide dismutase levels in the study,
and might have resulted in inhibition of uric acid formation by xanthine oxidase itself (Rodriguez et al., 2020).

CONCLUSION
Phenanthrene increased oxidative stress markers in male wistar rats.
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