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Abstract

The effects of ethanol leaf extract of Peperomia pellucida plant on Benzo[a]pyrene-induced changes in lipid profile and
reproductive parameters in male Wistar rats was investigated. Thirty five (35) male rats weighing 150 -200g were
divided into five (5) groups of seven (7) rats each. Ethanol extract of P. pellucida was prepared using air-dried leaves of
the plant. Group-1 (negative control) received normal rat feeds and distilled water only for 6 weeks. Group-2 received
1 ml/kg b.w. of olive oil daily from week 1 to 3 (orally); Group-3 received 2mg/kg b.w. of B[a]P dissolved in 1 ml/kg
b.w. olive oil (vehicle) daily from week 1 to 3 (orally); Group 4 (Curative group) received 2mg/kg B[a]P from weeks 1
to 3 before the administration of 500 mg/kg P. pellucida ethanol leaf extract from week 4 - 6. Group 5 (Prophylactic
group) received 500mg/kg b.w of P. pellucida on alternate days from week 1 - 3 before administration of 2ml /kg b.w.
B[a]P for another 3 weeks. Results obtained showed no significant (p<0.05) changes in lipid profile in groups-1 and -2
at weeks 4 and 6. There was significant decrease in % fast progressive mobility of sperm cells in the Benzo-[a]P group
which recorded 23.50%, in comparison with groups-1, -4 and -5 which recorded 87.00%, 67.5% and 62.00%
respectively at week 4. Treatment with plant extract improved sperm count, viability, motility, and morphology. This
result suggests that ethanol extract of P. pellucida leaves exhibit promising fertility effects and ameliorative potency
against toxic effects of polycyclic aromatic hydrocarbon pollutants in Wistar rats.
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1. Introduction

Polycyclic Aromatic Hydrocarbons (PAHs) are a group of environmental pollutants that consist of two or more fused
benzene rings regularly generated during incomplete combustion of organic matters [1]. PAH pollutants are found in
aquatic and terrestrial ecosystems, as well as in the atmosphere [2]. Environmental PAHs can originate from natural
sources, such as forest fires and volcanic emissions, and from sources associated with human activity (i.e., artificial or
anthropogenic sources), such as coal burning, vehicles exhaust emissions, engine lubricating oils, and cigarette smoke
[3]- Benzo[a]pyrene (B[a]P) is a Group 1 Agent whereas benz[a]anthracene (B[a]A), benzo[b]fluoranthene (B[b]F) and
chrysene are classified as Group 2B Agents, all of which are carcinogenic to humans [4]. Gas-phase light PAHs present
in the atmosphere can be adsorbed into particulate matter and, in conjunction with light and heavy PAHs accumulated
in the soil and water, can enter the food chain through their uptake by vegetation and plant materials. Humans are
exposed to PAHs through several routes such as air, water, food, skin contact, and occupational settings. For a large
section of the general population not occupationally exposed to PAHs and atmospheric pollution, food ingestion is the
major route of exposure compared to inhalation [5, 6].

Recent experimental studies have suggested that exposure to PAHs can significantly impair lipid metabolism and induce
blood lipid elevation in mice [7-9]. However, epidemiological evidences on the impact of PAHs exposure on lipid
metabolites are rarely reported. A previous study found that exposure to PAHs was positively associated with
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dyslipidemia in general adults through cross-sectional analysis [10]. Similarly, Wang et al. reported that exposure to
polycyclic aromatic hydrocarbons (PAHs) is linked to abnormal lipid metabolism [11].

It also has been discovered that PAHs can influence reproductive efficiency in both males and females. There is evidence
that exposure to PAH compounds has harmful effects on male reproductive health [12]. Overall, deleterious changes in
the human reproductive system include gonadal insufficiency, cryptorchidism, hypospadias and testis cancer [13, 14].
It has been reported that the exposure to air pollution episodes of elevated PAHs was linked with a decline in semen
quality, including asthenospermia, testicular germ cell carcinoma, abnormal morphology, urogenital tract
abnormalities, and abnormal chromatin [15, 16]. Several studies also reported that exposure to PAHs or their
metabolites has significant association with decreased sperm volume, sperm concentration, sperm abnormal
morphology, sperm motility and with an increased risk of male idiopathic infertility [17 - 19].

One of the plants used as an alternative remedy for several diseases is Peperomia pellucida. This fleshy annual herb
belongs to the Piperaceae family. Its common names are pepper elder, shiny bush, rat-ear, and man-to-man, and it is
primarily found in tropical areas [20, 21]. In many Southeast Asian countries including Indonesia, this plant was
believed to be efficacious for treating several diseases such as diabetes, muscle pain, aches, common cold and fever [22].

Available epidemiological data have shown links between environmental pollutants exposure and male reproductive
health. Specifically, in recent years, isolated studies have been published regarding the potential link of PAHs exposure,
changes in lipid profile and male infertility. As such, the aim of this study is to evaluate the relationship between PAHs
exposure, lipid metabolism and male infertility.

2. Material and methods

2.1. Experimental Animals

Adult male Wistar rats weighing 150-200g were obtained from the Animal House, Department of Biochemistry,
University of Port Harcourt Nigeria. The rats were allowed to acclimatize under standard conditions (25 + 2 °C, 12 h of
light and 12 h of darkness) for 2 weeks and then assigned randomly into five (5) groups of seven (7) rats each. The rats
were housed in standard cages and given ad libitum, access to pelletized commercial rat feed and distilled water. Animal
handling followed the procedures of the National Institute of Health Guide on the use of Animals for Experiments.

2.2. Chemicals

All reagents used in this study were of analytical grade: (Benzo[a]pyrene (B[a]P) with purity = 96% high-performance
liquid chromatography - CAS Number 50-32-8, B-1760, Chloroform, Distilled water, Olive Oil, Ethanol, Acetylene, and
Assay Kits).

2.3. Preparation of Ethanol Leaf Extract of Peperomia Pellucida

Peperomia pellucida whole plant was obtained in Port Harcourt, Rivers State, Nigeria. The plant was identified and
authenticated at the Department of Plant Science and Biotechnology, University of Port Harcourt, Nigeria. Fresh leaves
of the plant were thoroughly washed with both tap water and distilled water. The leaves were air-dried in the shade at
33°C £ 2°C, ground into a fine powder using mechanical grinder and kept in air-tight jars. Aqueous extract of the plant
leaves was prepared according to the method reported by Lemhadri et al. [23]. Fifty grams (50g) of dry powder was
weighed into clean sterile bottles. The weighed dry powder was extracted using 250ml ethanol in tightly covered bottles
and left for 48hours at room temperature. The resultant suspension was filtered into sterile beakers, and filtrates
collected were refiltered using Whatman No.1 filter paper into sterile sample bottles. This were labelled appropriately
and stored in plastic bags at -20 °C for the experiment.

2.4. Experimental Grouping

Experimental rats were administered Benzo[a]pyrene and P. pellucida ethanol leaf extract respectively. The PAH
compound used in this study (B[a]p) was dissolved in olive oil which served as vehicle. Doses of P. pellucida (mg/kg)
and B[a]P administered (mg/kg b.w) are as follows:
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Table 1 Experimental Protocol

Experimental Group Description

Group-I Normal Control Received Normal Rat Feed + Water Only for 6 weeks.

Group II (Olive oil group) Received 1 ml/kg b.w. of Olive Oil (vehicle) daily from week 1 to week 6
(orally).

Group -III (Negative Control) Received 2mg/kg b.w. of B[a]P dissolved in 1 ml/kg b.w. Olive Oil (vehicle)
daily from week 1 to week 6 (orally).

Group IV (Curative group) Received 2mg/kg of B[a]P dissolved in 1 ml/kg b.w. Olive Oil (vehicle) daily
from week 1 to week 3 (orally), and later treated with 500 mg/kg of Peperomia
pellucida on alternate days (orally) from week 4 to 6.

Group V (Prophylactic group) Received 500 mg/kg of Peperomia pellucida on alternate days from week 1 to
week 3 after which they received 2mg/kg B[a]P (dissolved in olive oil) daily
from week 4 to 6 (orally).

2.5. LD50 value for P. pellucida leaf extract and Benzo[a]pyrene/Olive Oil Dosage

LDso value of 4000mg/kg b. w. was considered for P. pellucida leaf extract as previously reported by Desy et al. [24].
Doses administered for Benzo[a]pyrene were guided by a previous research [25] and the no-observed-adverse-effect
level (NOAEL) & lowest observed adverse effect level (LOAEL) values as shown in Table 2, and sourced from the Danish
Environmental Protection Agency [26]. Olive oil was administered following the dosage administered by [27].

Table 2. Summary of NOAELs/LOAELs from short-term toxicity tests of some PAH compounds following oral
administration (gavage) [26]

Compound Species | Duration | Critical Effect NOAEL
Acenaphthene mouse | 90 days Liver toxicity 175 mg/kg bw/day
Anthracene mouse | 90 days None 1000 mg/kg bw/day
(highest dosage)
Benzo[a]pyrene | Rat 90 days Liver weight 3 mg/kg bw/day
Benzo[a]pyrene | rat 35days Immunotoxicity 3 mg/kg bw/day
Fluoranthene mouse | 13 weeks | Liver/Kidney toxicity 125 mg/kg bw/day
Fluorene mouse | 13 weeks | Organ weight, haematology | 125 mg/kg bw/day
Pyrene mouse | 13 weeks | Kidney toxicity 75 mg/kg bw/day

The experiment lasted for 6 weeks. The rats were fasted for 24 h at both weeks 4 and 6, prior to analytical sample
collection. Blood samples were collected for biochemical analysis. The serum was separated by centrifugation at 3,000
g for 5 min and kept at —~20°C until use for biochemical assays.

2.6. Biochemical Analysis / Assay for Hormone Levels (CRP, PSA, and testosterone)

2.6.1. Lipid Profile Analysis

Lipid Profile Serum total triglyceride concentration was measured by Tietz [28] method while serum total cholesterol
level and serum HDL-cholesterol concentrations were analyzed using the methods described by Richmond [29] and
Lopes- Virella et al. [30] respectively. Serum LDL-cholesterol level was calculated by the method of Friedewald et al.
[31]. The PTS Pod combo test kit was used to assay for C-reactive protein (CRP), Prostate-specific antigen (PSA) and
testosterone levels.
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2.6.2. Semen collection and Analysis

Semen collection was done by the electro-ejaculation method [32]. Sperm motility, liveability, concentration and
morphological abnormalities were evaluated using a modified method described by Ajani and Oyeyemi, Ajani et al. [33,

34].

3. Results and Discussion

Table 3 Effects of Ethanol Extract of P. pellucida leaf on Lipid Profile in B[a]P-Induced male Wistar rats

CTR GRP-I | CTR GRP-II (Olive oil | CTR GRP-III | Group IV (Curative | Group V (Prophylactic
(Control) group) (B [a]P group) group)
group)

TC (mMol/L)
We | 3.25+ 1.45abcdeifg | 2,97 + ().33abedesfg 4.21 + | 3.28 + 0.88abcdeifg 3.41 + 1.10abcdeifg
ek 4 1.17abedesfg
We | 2.96 + 1.373abcdesfg | 3,00 + 1.03abcdesfg 421 + | 3.18 + 1.10abcdesfg 2.24 + (0.98abcdesfg
ek 6 (0.95abede;fg
TG (mMol/L)
We | 1.23 +(.53abcdesfg | 1,00 + 0.2]abcdesfe 1.27 * | 1.37 + 0.23abcdesfg 1.15 + 0.2 abcdesfg
ek 4 (0.13abedesfg
We | 1.07 £ 0.48abcdeifs | 1,00 + (.12abedesfg 1.20 + | 1.21 + 0.4 1abcdesfg 1.00 * (0.11abcdesfg
ek 6 (0.11abcdesfg
HDL (mMol/L)
We | 1.34 +(0.59abcdeifg | 2,00 + 0.53abedesfg 2.51 + | 2.36 + 1.10abcdesfg 2.22 + 0.673bcdeifg
ek 4 (0.43abcde;fg
We | 1.35+0.593befg | 2.02 + 0.672bcdesfg 2.51 + | 2.38 + (.53bcdesfg 1.98 + (.4 4abcdefg
ek 6 0.22bcdefg
LDL (mMol/L)
We | 1.55+(.672bcdeifg | 1,27 + (0.1]abcdesfy 1.74 * | 1.68 + (0.23abcdeifg 1.19 + (.71 abcdesf
ek 4 (0.12abede;fg
We | 1.33 £ 0.58abcdeifg | 1.20 + (.4 1abedesfg 1.68 * | 1.55 + 0.32abcdesfg 2.10 % 0.79abcdesg
ek 6 (0.1(abede;fg

Values are presented as mean * SD of triplicate determination (N=3). Mean values with same superscript letters are not statistically significant at
P <0.05 across the groups. Superscripts a, b, ¢, d, e show difference among groups while f, g shows difference among days. TC - Total Cholesterol, TG

- Triglycerides, HDL - High-Density Lipoprotein, LDL - Low-Density Lipoprotein

Table 4 Effects of Ethanol Extract of P. pellucida leaf on Hormone Levels in B[a]P-Induced Wistar Rats

CTR GRP-I | CTR GRP-II (Olive oil | CTR GRP- | Group IV (Curative | Group V (Prophylactic
(Control) group) 11 group) group)
(B [a]P
group)
Testosterone (ng/ml)
Week | 191 + | 1.70 + 0.88abcdesfg 2.31 + | 2.45 + 0.4(abcdesfg 2.05 £ 0.57abcdeifg
4_ 0_77abcde;fg 0.67abcde;f
Week | 1.90 + | 1.60 + 0.31abeeifg 1.33 + | 2.68+0.21defe 2.28 + 0.84abdeifg
6 0.04abee;fg 0.04abeg
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PSA (ng/ml)

Week | 0.11 + | 0.10 £ 0.02bf 0.35 + | 0.13 £ 0.04acdefg 0.14 + 0.052dsf
4 0.02acdesf 0.02acdf

Week | 0.20 +0.012b¢ | 0.18 + 0.042be 0.10 | 0.11 + 0.02dsfg 0.77 £ 0.03e8

6 0.01cds

CRP (ng/ml)

Week | 2.60 * | 4.61 + 0.74abdefg 191 + | 2,75 % (.57abde;fg 2.84 £ 0.2]abdeifg
4 0.51abde;fg 0.05¢f

Week | 2.44 + | 5.00 £ 0.23bf 0.53 + | 2.78 £ (0.31adefg 3.00 + 0.51adefg
6 0.72adesfg 0.06¢8

Values are presented as mean * SD of triplicate determination (N=3). Mean values with same superscript letters are not statistically significant at
P <0.05 across the groups. Superscripts a, b, ¢, d, e show difference among groups while f, g shows difference among days. PSA - Prostate-Specific
Antigen, CRP - C-Reactive Protein

Table 5a Effects of Ethanol Extract of P. pellucida leaf on Sperm Quality Parameters in B[a]P-Induced Wistar Rats

CTR GRP-1 | CTR GRP-II (Olive oil | CTR GRP-III | Group IV (Curative | Group V (Prophylactic
(Control) group) (B[a]P group) group)

group)
Semen volume (%ml)
We | 0.15+ 0.032bcdesfg | (0,15 + (0.04abcdefg 0.10 + | 0.20 * 0.03abcde;fg 0.20 + 0.05abcdesfg
ek 4 0.02abedeifg
We | 0.15+ 0.052bcdesfg | (0,15 + (.12abcdefg 0.15 + | 0.25 + 0.04abcde;fg 0.26 + (0.03abcdesfg
ek 6 0.03abcdeifg
Sperm viability (%)
We | 88.00£3.65%f | 80.11 £ 5.21b:fg 35.50 * | 62.00 + 5.554f8 72.00 £ 4.41sf
ek 4 1.22cf8
We | 88.00 £ 4.622beifs | 81.00 + 6.232bfg 30.00 + | 62.00 +4.874f8 75.50 + 4.45befg
ek 6 3.21cf
Normal Sperm Morphology (%)
We | 94.50 £8.41abf8 | 91.00 + 5.33abifg 12.00 + | 64.00 + 3.69defe 67.50 + 5.65defg
ek 4 1.25¢f
We | 93.50 + | 91.00 + 3.892bifg 11.00 + | 65.00 + 6.32desfg 67.50 + 3.76defg
ek 6 | 10.422bifg 1.21cfe
Abnormal Sperm Morphology (%)
We | 5.50+1.21abfg 9.00 + 2.272bifg 88.00 * | 36.00 + 4.32defg 32.50 + 3.88defg
ek 4 4.45¢f8
We | 4.50 + 1.422bfg 7.50 + 2.23abifg 86.78 + | 36.00 + 4.12defg 33.30 + 4.23defg
ek 6 8.31¢cfe

Values are presented as mean * SD of triplicate determination (N=3). Mean values with same superscript letters are not statistically significant at
P <0.05 across the groups. Superscripts a, b, ¢, d, e show difference among groups while f, g shows difference among days.
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Table 5b Effects of Ethanol Extract of P. pellucida leaf on Sperm Quality Parameters in B[a]P-Induced Wistar Rats

CTR GRP-I | CTR GRP-II (Olive | CTR GRP-III | Group IV | Group
(Control) oil group) (Benzo[a]pyrene (Curative group) | (Prophylactic
group) group)
Fast progressive mobility (%)
Wee | 87.00 + | 88.70 + 6.312bife 23.50 + 3.45¢f 67.50 + 3.65df8 62.00 + 6.544def
k 4 5.31abifg
Wee | 86.00 + | 80.00 + 4.22abeifg 23.50 + 5.21¢fg 66.00 + 4.794fg 78.21 + 4.263beg
k6 6.4 32besfg

Slow progressive mobility (%)

Wee | 6.50 + | 6.00 + 1.34abifg 48.00 + 1.44¢f8 12.00 + 2.21defg 12.00 + 1.12desfe
k4 1.25abifg

Wee | 4.00 + | 7.00 + 3.2]abdefg 50.50 + 6.31¢f8 9.00 * 2.34abde;fg 12.00 + 3.12bdesfg
k6 3.272bdifg

Sperm Dead (%)

Wee | 11.50 + | 11.80 + 1.112b:f8 35.00 £ 5.52¢df 37.50 + 4.21cdfg 47.60 £ 4.23¢efg
k4 1.253bifg

Wee | 10.00 + | 11.30 + 2.212bifg 22.31 +3.33¢8 36.50 + 3.234f8 47.60 + 2.34sifg
k6 1.32abifg

Sperm count (105mL)

Wee | 550.00 + | 545.00 % 45.322bifg 76.00 + 7.21cdesfg 85.00 £ 4.2 cdesfg 75.00 £ 5.55¢de;fg
k4 45.45abifg

Wee | 545.00 + | 540.50 + 65.23abfs | 70.50 + 4.38cdeifg 87.50 * 2.22cdeifg 85.00 * 4.78cdeifg
k6 50.32abfg

Values are presented as mean * SD of triplicate determination (N=3). Mean values with same superscript letters are not statistically significant at
P <0.05 down the groups. Superscripts a, b, c, d, e show difference among groups while f, g shows difference among days.

3.1.1. Effects of P. pellucida ethanol leaf extract on lipid profile and Hormone Levels (CRP, PSA, and testosterone)

Tables 3 and 4 show the effects of ethanol extract of P. pellucida leaf on lipid profile of Benzo[a]pyrene-Induced Wistar
Rats. No significant (p<0.05) changes in the activity of the lipid profile parameters were observed in the negative control
group and olive oil group at weeks 4 and 6. Results of statistical analyses indicate that benzo[a]pyrene had little to no
impact on the lipid profile over a short period of time. However, there were observable changes in HDL. Prostate Specific
Antigen (PSA) showed varying levels in groups I and IV rats. At week 6, groups I, IV and V showed non-significant
differences in testosterone, PSA and CRP.

3.1.2. Effects of P. pellucida ethanol leaf extract on sperm quality parameters

Tables 5a & b show the effects of ethanol extract of P. pellucida leaf on sperm quality parameters in B[a]P-induced Wistar
rats. The plant extracts improved sperm count, viability, motility, and morphology as observed at weeks 4 and 6.
Changes in semen volume were observed in all groups; groups IV and V rats (curative and prophylactic groups) showed
significant (p<0.05) elevation in semen volume when compared to the positive control group. Group III showed a
significant decrease in semen volume when compared to the prophylactic and curative group. There were significant
(p<0.05) decreases in sperm viability in group III throughout the experimental duration.

There was significant decrease in % fast progressive mobility in group III rats in comparison with the control groups,
and groups IV & V. Meanwhile, % slow progressive mobility had an opposite trend as group III recorded a significant
(p<0.05) elevation in % slow progressive mobility in comparison with other groups while curative and prophylactic
group (group IV and V) recorded non-significant (p>0.05) increase in % slow progressive mobility in comparison with
curative group.
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In the present study, results for lipid profile parameters indicate that B[a]P treatment caused significant increases in
Total cholesterol (CHO), and triglycerides (TG) as compared to rats in the negative control group and P. pellucida treated
groups. Also, there were non-significant elevation (p>0.05) in very low density lipoproteins cholesterol (VLDL-C) and
high density lipoproteins cholesterol (HDL-C) when compared to the negative control group and P. pellucida treated
group, which is an indication of risk of cardiovascular disease, stroke, including obesity and metabolic syndrome.
Administration of the plant extract resulted in significant reduction (p<0.05) in level of Total cholesterol, triglycerides
(TG) and, Low Density Lipoproteins Cholesterols (LDL-C) when compared with the positive control group. The decrease
in total cholesterol, low density lipoproteins cholesterols (LDL-C) and an increase in high-density lipoproteins
cholesterols (HDL-C) in P. pellucida treated groups may be due to inhibition of hepatic cholesterol biosynthesis,
increased fecal bile acid secretion, stimulation of receptor-mediated catabolism of LDL-cholesterol, or increase in
uptake of LDL-cholesterol from the blood by the liver. This corroborated previous findings by Hamzah et al. [35] who
reported that P. pellucida modulates hyperglycemia, oxidative stress and dyslipidemia, and suggested that these
activities may be due to the presence of active phytochemicals which has lipid lowering properties.

B[a]P is known to have xenoestrogenic action and is currently considered to be an endocrine disruptor [36]. Chronic
exposure to B[@]P results in a decrease in testosterone production due to disturbances in the steroidogenic machinery
of Leydig cells. In mammalian male reproduction, testosterone produced by Leydig cells in response to LH, plays a
pivotal role in the initiation and maintenance of spermatogenesis by affecting Sertoli cell androgen receptors. Thus, an
abnormal reduction in serum or intratesticular fluid testosterone levels can cause testicular atrophy, which is
accompanied by a decrease in the number of germ cells and, ultimately, azoospermia [37].

Spermatogenesis is a controlled process during which a mature sperm is produced from sperm stem cells in three major
stages, the mitotic stage, meiotic stage and the maturation stage. Germ-cells undergo mutation during mitotic and
meiotic divisions [38]. Findings in this study indicate that B[a]P exposure to experimental animals resulted in depletion
of testicular and epididymal functions in animals [39]. According to Zenzes et al. [40], escalation of sperm hyperactivity
occurs with an increase in the concentration of B[a]P due to premature capacitation. Reddy et al. [41] assessed the
reproductivity toxicity of B[a]P in adult male Wistar rat and concluded that chronic exposure to B[a]P alters
steroidogenesis and spermatogenesis leading to depleted fertility in adult male rats. In this present study, B[a]P
treatment caused acute and significant (p< 0.05) decrease in % semen volume, % sperm viability and % normal sperm
morphology. This finding is similar to previous report by Jorge et al. [42] and Bukowska et al. [43] who both noted that
exposure to B[a]P caused low sperm count, and significant decreases in semen volume and sperm viability. The report
also noted that B[a]P exposure is capable of causing increase in % dead sperm, slow progressive mobility and abnormal
sperm morphology. The prophylactic and curative group recorded a reverse situation, showing improvement in %
sperm volume, % sperm viability, fast progressive mobility and % sperm count. Summarily, these findings indicate that
B[a]P interferes with sperm quality by altering spermatogenesis. Interestingly however, P. pellucida was able to
ameliorate the detrimental effects of B[a]P on lipid profile and male fertility indices.

4., Conclusion

Overall, findings from the present study have shown that P. pellucida leaves exhibit fertility and cardiovascular
amelorative potentials. This is evidenced by the leaf extract’s improvement in biomarkers of fertility, as well as
cardiovascular indices. The potentials demonstrated are reflective of the wide array of phytochemicals reported to be
present in the plant.

Compliance with ethical standards

Statement of ethical approval

All authors hereby declare that "Principles of Laboratory Animal Care" (NIH Publication no. 85- 23, revised 1985) were
followed. All experiments were examined and approved by the appropriate ethics committee

References

[1] Kim KH, Jahan SA, Kabir E, Brown R]. A review of airborne polycyclic aromatic hydrocarbons (PAHs) and their
human health effects. Environment International. 2013; 60:71-80.

3850



[2]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

International Journal of Science and Research Archive, 2024, 13(02), 3844-3853

Adeniji A, Okoh O, Okoh A. Levels of polycyclic aromatic hydrocarbons in the water and sediment of Buffalo River
Estuary, South Africa and their health risk assessment. Archives of Environmental Contamination and Toxicology.
2019; 76: 657-669.

Amirdivani S, Khorshidian N, Ghobadi Dana M, Mohammadi R, Mortazavian AM, Quiterio de Souza SL, Barbosa
Rocha H, Raices R. Polycyclic aromatic hydrocarbons in milk and dairy products. International Journal of Dairy
Technology. 2019; 72 doi: 10.1111/1471-0307.12567.

IARC Working Group on the Evaluation of Carcinogenic Risks to Humans (). Some non-heterocyclic polycyclic
aromatic hydrocarbons and some related exposures. In: IARC Monographs on the Evaluation of Carcinogenic
Risks to Humans; International Agency for Research on Cancer: Lyon, France, No. 92; 2010. Available online:
https://www.ncbi.nlm.nih.gov/books/NBK321712/.

Farhadian A, Jinap S, Faridah A, Zaidul IS. Determination of polycyclic aromatic hydrocarbons in grilled meat.
Food Control. 2010; 21: 606-610.

Butler JP, Post GB, Lioy P], Waldman JM, Greenberg A. Assessment of carcinogenic risk from personal exposure
to benzo(a)pyrene in the total human environmental exposure study (THEES). Journal of the Air & Waste
Management Association.1993; 43:970-977.

Kawano Y, Nishiumi S., Tanaka S., Nobutani K., Miki A., Yano Y., Seo Y., Kutsumi H., Ashida H., Azuma T.,
Yoshida M. Activation of the aryl hydrocarbon receptor induces hepatic steatosis via the up regulation of fatty
acid transport Arch. Biochemical and Biophysical Research Communications. 2010; 504 (2): 221-227.

JinY, Miao W, LinX, Wu T, Shen H, Chen S, LiY, Pan Q, FuZ. Sub-chronically exposing mice to a polycyclic
aromatic hydrocarbon increases lipid accumulation in their livers. Environmental Toxicology and Pharmacology.
2014; 38 (2): 353-363.

Li F., XiangB., JinY., LiC., Li]J., RenS., Huang H., Luo Q. Dysregulation of lipid metabolism induced by
airway exposure to polycyclic aromatic hydrocarbons in C57BL/6 mice. Environmental Pollution. 2019; 245:
986-993.

Ma ], ZhouY, LiuY, Xiao L, Cen X, Li W, et al. Association between urinary polycyclic aromatic hydrocarbon
metabolites and dyslipidemias in the Chinese general population: A cross-sectional study. Environmental
Pollution. 2019; 245: 89-97.

Qihua Wang Q, Xu X, Zeng Z, Hylkema MN, Cai Z, Huo X PAH exposure is associated with enhanced risk for
pediatric dyslipidemia through serum SOD reduction. Environment International. 2020 Dec; 145:106132.

Ramesh A, Archibong AE. Reproductive toxicity of polycyclic aromatic hydrocarbons: occupational relevance
Reproductive and Developmental toxicology. Elsevier. 2011; 577-591.

Balabani¢ D, Rupnik M, Klemenci¢ AK. Negative impact of endocrine-disrupting compounds on human
reproductive health Reproduction, Fertility and Development. 2011; 23: 403-416.

Sharma A, Mollier ], Brocklesby RW, Caves C, Jayasena CN, Minhas S. Endocrine-disrupting chemicals and male
reproductive health. Reproductive Medicine and Biology. 2020; 19: 243-253.

Selevan SG, BorkovecL, Slott VL, Zudova Z, Rubes ], Evenson DP, Perreault SD. Semen quality and reproductive
health of young Czech men exposed to seasonal air pollution. Environmental Health Perspectives. 2000; 108:
887-894.

Chen Q, Wang F, Yang H, Wang X, Zhang A, LingX, LiL, Zou P, SunL, HuangL, Chen H, Ao L, Liu]J, Cao], Zhou
N. Exposure to fine particulate matter-bound polycyclic aromatic hydrocarbons, male semen quality, and
reproductive hormones: The MARCHS study. Environmental Pollution. 2021; 280: 116883

Hsu PC, Chen 1Y, Pan CH, Wu KY, Pan MH, Chen]R, Chen C], Chang-Chien GP, Hsu CH, Liu CS. Sperm DNA damage
correlates with polycyclic aromatic hydrocarbons biomarker in coke-oven workers. International Archives of
Occupational and Environmental Health. 2006; 79: 349-356.

XiaY, HanY, Zhu P, Wang$S, Gu A, WangL, LuC, FuG, Song L, Wang X. Relation between urinary metabolites
of polycyclic aromatic hydrocarbons and human semen quality. Environmental Science & Technology. 2009; 43:
4567-4573.

XiaY, Zhu P, HanY, LuC, WangS, Gu A, Fu G, Zhao R, Song L, Wang X. Urinary metabolites of polycyclic
aromatic hydrocarbons in relation to idiopathic male infertility. Human Reproduction. 2009; 24: 1067-1074.

3851



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

International Journal of Science and Research Archive, 2024, 13(02), 3844-3853

Raghavendra HL, Kekuda, TR. Ethnobotanical uses, phytochemistry and pharmacological activities of Peperomia
pellucida (L.) kunth (Piperaceae) - a review. International Journal of Pharmacy and Pharmaceutical Sciences.
2018; 10 (2):1.

Khan A, Rahman M, Islam S. Antipyretic activity of Peperomia pellucida leaves in rabbit. Turkish Journal of
Biology. 2008; 32: 37-41.

Susilawati Y, Nugraha R, Krishnan ], Muhtadi A, Sutardjo S, Supratman U. (). A New Antidiabetic Compound 8.9-
dimethoxy Ellagic Acid from Sasaladaan (PeperomiapellucidaL. Kunth). Research Journal of Pharmaceutical.
Biological and Chemical Sciences. 2017; 8(1S): 269-274.

Lembhadri A, Zeggwagh NA, Maghrani A, Jouad H, Eddouks M. (2004). Anti-hyperglycaemic activity of the aqueous
extract of Driganum vulgare growing wild in Tafilalet region. Journal of Ethnopharmacology. 90:251-256.

Desy RW, Fadlina CS, Abdul M. Secondary Metabolites Screening and Acute Toxicity Test of Peperomia pellucida
(L.) Kunth Methanolic Extracts. International Journal of PharmTech Research. 2017; 10(1):31-38.

Kolade OY, Oladiji TA. Protective Effects Of Curcumin Against Benzopyrene Induced Liver Toxicity In Albino Rats.
Earth and Environmental Science. 2019; 210: 012013.

Danish Environmental Protection Agency (2013). Polyaromatic Hydrocarbons (PAH) Evaluation of health
hazards and estimation of a quality criterion in soil Environmental Project No. 1523.

Akinlolu AA, Ebito G, Ameen M, Asogwa N, Odubela K, Akindele R, Bamidele FB, Ajayi N, Sobande I, Temitope ST.
Cadmium Chloride-Induced Skin Ulceration and Inflammation in Rats: Anti-Inflammatory Potentials of Moringa
Oleifera and Musa Sapientium via Nf- Kb/Il-4/11-10-Mediated Pathway. Anatomy Journal of Africa. 2022; 11
(2):2285-2295.

Tietz NW. Clinical Guide to Laboratory Tests. 3rd Ed, Philadelphia, USA: W.B. Saunders Company. pp. 578-580;
1995.

Richmond V. Preparation and properties of a cholesterol oxidase from Nocardia sp. and its application to the
enzymatic assay of total cholesterol in serum. Clinical Chemistry. 1973; 19: 1350-1356.

Lopes-Virella MF, Stone P, Ellis S, Colwell JA. Cholesterol determination in high-density lipoproteins separated
by three different methods. Clinical Chemistry. 1977; 23: 822-824.

Friedewald WT, Levy R, Fredrickson DS. Estimation of the concentration of low-density lipoprotein cholesterol
in plasma, without use of the preparative ultracentrifuge. Clinical Chemistry. 1972; 18: 499-505.

Oyeyemi MO, Akusu, MO, Olaoye, MO, Omobowole OT. Effect of frequent ejaculation on the characteristics of West
African dwarf buck, Tropical Veterinarian. 1(special edition): 5-9; 1996.

Ajani OS, Oyeyemi MO. Spermatozoa Characteristics and Morphology of West African Dwarf Rams Treated with
Aqueous Extract of Cnidoscolusa conitifolius (Chaya). International Journal of Applied Agricultural Research.
2014;9(1): 33-40.

Ajani 0S, Oyeyemi, MO, Wahab AT. Crassocephalum crepidioides improves semen quality and gonadometric
indices in the West African dwarf bucks. Nigerian Journal of Animal Production. 2022; 49(1): 60-66.

Hamzah RU, Odetola AA, Erukainure OL, Oyagbemi, AA. Peperomia pellucida in diets modulates hyperglyceamia,
oxidative stress and dyslipidemia in diabetic rats. Journal of Acute Disease. 2012; 1(2): 135-140.

Wang LH, Chen LR, Chen KH. In Vitro and Vivo Identification, Metabolism and Action of Xenoestrogens: An
Overview. International Journal of Molecular Sciences. 2021; 22(8):4013.

Awoniyi CA, Santulli R, Sprando RL, Ewing LL, Zirkin BR. Restoration of advanced spermatogenic cells in the
experimentally regressed rat testis: quantitative relationship to testosterone concentration within the testis.
Endocrinology. 1989; 124:1217-1223.

Hermo L, Pelletier RM, Cyr DG, Smith CE. Surfing the wave, cycle, life history, and genes/proteins expressed by
testicular germ cells. Part 1: background to spermatogenesis, spermatogonia, and spermatocytes. Microscopy
research and technique. 2010; 73(4): 241-278.

Bukowska B, Mokra K, Michatowicz ]J. Benzo [a] pyrene Environmental Occurrence, Human Exposure, and
Mechanisms of Toxicity. International Journal of Molecular Sciences. 2022; 23(11): 6348.

3852



[40]

[41]

[42]

[43]

International Journal of Science and Research Archive, 2024, 13(02), 3844-3853

Zenzes MT. Smoking and Reproduction: Gene Damage to Human Gametes and Embryos. Hum. Reprod. Update
2000, 6, 122-131.

Reddy KP, Girish BP, Reddy, PS. Reproductive and paternal mediated developmental toxicity of benzo(a)pyrene
in adult male Wistar rats.Toxicology Research. 2015; 2.

Jorge BC, Reis ACC, Stein ], Balin PDS, Sterde ET, Barbosa MG, de Aquino AM, Kassuya CAL, Arena AC. Parental
exposure to benzo(a)pyrene in the peripubertal period impacts reproductive aspects of the F1 generation in rats.
Reprod Toxicol. 2021 Mar; 100:126-136.

Bukowska B, Mokra K, Michatowicz ]J. Benzo[a]pyrene-Environmental Occurrence, Human Exposure, and
Mechanisms of Toxicity. International Journal of Molecular Sciences. 2022]June; 23(11):6348.

3853



