eipmr, 2022, 9(8), 523-531 SJIF Impact Factor 6.222

EUROPEAN JOURNAL OF PHARMACEUTICAL
AND MEDICAL RESEARCH

Research Article
ISSN 2394-3211
EJPMR

ETHANOL AND BENZENE INDUCED TOXICITY IN WISTAR RATS: AMELIORATIVE
EFFECTS OF EXTRA-VIRGIN OLIVE OIL ON HAEMATOLOGICAL INDICES AND
SPLEEN DAMAGE

Adetunji Opeyemi Adebola’, Adetunji Oluwaseyi Adegoke?, Adeoye Bayo Olufunso®’, Adetunji lyabode Toyin*,
Nwobi Nnenna Linda® and Adeoye Ayodeji David®

'Department of Anatomy, School of Basic Medical Sciences, Benjamin S. Carson (Snr.) College of Health and Medical
Sciences, Babcock University, Ogun State, Nigeria.
Department of Biochemistry, School of Basic Medical Sciences, Benjamin S. Carson (Snr.) College of Health and
Medical Sciences, Babcock University, Ogun State, Nigeria.
$Department of Chemical Pathology, Faculty of Basic Clinical Sciences, College of Health Sciences, Ladoke Akintola
University of Technology (LAUTECH), Ogbomoso, Oyo State, Nigeria.

*Department of Microbiology, Federal University of Agriculture, Abeokuta, Ogun State, Nigeria.
*Department of Chemical Pathology, School of Basic Clinical Sciences, Benjamin S. Carson (Snr.) College of Health
and Medical Sciences, Babcock University, Ogun State, Nigeria.
®Department of Physiology, School of Basic Medical Sciences, Benjamin S. Carson (Snr.) College of Health and
Medical Sciences, Babcock University, Ogun State, Nigeria.

*Corresponding Author: Adeoye Bayo Olufunso
Department of Chemical Pathology, Faculty of Basic Clinical Sciences, College of Health Sciences, Ladoke Akintola University of Technology
(LAUTECH), Oghomoso, Oyo State, Nigeria.

Avrticle Received on 21/06/2022 Avrticle Revised on 11/07/2022 Article Accepted on 01/07/2022

ABSTRACT

Background: The metabolic intermediates of benzene and ethanol are relatively poisonous to humans. Extra virgin
olive oil (EVOO) is considered a natural source of bioactive compounds with beneficial effects on multiple organs.
There is a dearth of empirical information on its protective roles in relieving symptoms associated with ethanol
and/or benzene intoxication. Objective: This study was conducted to investigate the effects of extra virgin olive oil
benzene and/or ethanol-induced haematological and splenic tissue aberrations in rats. Methodology: Forty-eight
female Wistar rats (110kg-170kg) were randomly divided into 8 groups (n=6); Negative Control, EVOO= Extra
Virgin Olive Oil, ETH= Ethanol, BEN= Benzene, ETH+BEN= Ethanol + Benzene, ETH+EVVOO= Ethanol+ Extra
Virgin Olive Oil, BEN+EVOO= Benzene+ Extra Virgin Olive Oil, ETH+BEN+EVOO= Ethanol+Benzene+ Extra
Virgin Olive Oil. Animals were sacrificed and blood samples were collected for food blood count (FBC) analysis.
Data were analyzed with a graph pad prism (version 5.03). p<0.5 was considered significant. The spleen was
excised and processed for the histopathological assessment using Haematoxylin & Eosin (H&E) and Periodic Acid
Schiff (PAS) staining techniques. Results: The FBC analysis showed alteration in macrophages, neutrophils and
monocytes following treatment with ethanol and/or benzene, while also showing marked distortion of the
histoarchitectural integrity of the splenic tissues. However, treatment with EVOO significantly (p<0.05)
normalized haematological indices while also ameliorating splenic tissue distortions. Conclusion: Data obtained
from this study revealed that extra virgin olive oil has anti-inflammatory potential on the Spleen.
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INTRODUCTION

Drug use incorporates the non-medical exercise of
psychoactive substances, including legal drugs such as
alcohol (ethanol).™! Ethanol and benzene are heavy
chemicals which are used commonly for various
industrial processes.”) Ethanol is a clear, colourless
liquid which is a major component of alcoholic
beverages.®!  Benzene is a highly volatile industrial
chemical which is commonly present in petroleum
products and combustion effluents./*! Active and passive
exposure to tobacco smoke may also serve as a very

Chronic human exposure to either ethanol or benzene has
been implicated in a host of human Pathological
conditions in  multiple  organs.*ME! Alcohol
intoxication can potentially cause a range of diseases
within the gastrointestinal tract (GIT),” central nervous
system,¥  gonads,*  circulatory  system,*?
cardiovascular system. 4051

Epidemiological evidence has documented the roles of
alcohol in a host of malignant diseases.'™®"*) Whereas
prolonged benzene exposure has been associated with

common source of benzene contamination®. acute myeloid and acute non-lymphocytic
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leukaemia, &M aplastic  anaemia,  necrosis,
headache, dizziness, drowsiness, confusion, tremors, and
loss of consciousness. P! The toxic dynamics of
both benzene and ethanol have been reported to elicit
deleterious genotoxicity.®! A higher risk of genetic
mutation has been reported among individuals who abuse
both cigarettes and alcohol than those who consume
either of them.”®) Of course, the toxicity of benzene can
be potentiated by ethanol.*®!

Extra virgin olive oil is an essential oil that is commonly
extracted from the seed of the olive tree plant.?” Its
prolonged incorporation as an essential component of
Mediterranean cuisines has been associated with an
increased life span.[?1(2°]

Notably, the pharmacological activities of extra virgin
olive oil have been scientifically proven to relieve
pathological symptoms in multiple organs.BoEH B2 ag
a result, it has been demonstrated to possess
antioxidative,®* analgesic, anti-inflammatory,! B¢
antimicrobial B ¥ antiviral,¥ anti-atherogenic,*”! and
anti-mutagenic, properties. In our previous study, we
demonstrated its curative effect on experimental
nephrotoxicity. % Importantly,  its  classic
pharmacological properties are usually attributed to its
constituent bioactive components.[**! However, there is a
dearth of empirical information concerning the protective
effects of extra virgin olive oil on ethanol and benzene
induced hematotoxicity and splenic tissue injury. The
present, therefore, study is aimed at elucidating its
ameliorative properties on ethanol and benzene induced
toxicity using a biochemical and histomorphological
approach.

MATERIAL AND METHODS

Chemicals and Reagents

Analytical grades of benzene, ethanol (75%) and extra
virgin olive oil were procured from Sigma-Aldrich (St.

Louis, MO, USA). All other reagents used were obtained
from either the British Drug House (Poole, England) or
Randox laboratory (Aldren, USA). Benzene, ethanol and
extra virgin olive oil were kept in pigmented bottles and
kept cool at room temperature.

Animal Procurement, use and care.

Female Wistar rats (110kg-170kg) were inbred at the
animal house facility at the Department of Anatomy,
Babcock University, llisan Remo, Ogun State Nigeria.
Rats were kept in plastic rat cages (Mediwise animal
cage, 430 x 270 x 15 mm) under standard atmospheric
conditions. The animals were given unrestricted access
to water and rat chow (grower’s mash). Ethical approval
for the study was obtained from Babcock University
Health Research Ethics Committee (BUHREC 751/19),
llishan Remo, Ogun State, Nigeria. Ethanol, Benzene,
and Extra Virgin Olive Oil were administered orally
using gastric gavage. Rats were treated humanely in
compliance with the guidelines of the Institutional
Animal Care and Use Committee (IACUC).

Animal grouping and treatment protocol

Before the commencement of the study, rats were kept
for at least two weeks to allow for acclimatization. Rats
were randomized and grouped into 8 (n=6); group 1 was
designated to be the control (CTR) group and was
administered distilled water (2 mL/kg), and group 2
received extra virgin olive oil {EVOOQ} (2 mL/kg), group
3 received 25% (2 mL/kg) Ethanol {ETH}, group 4
received benzene {BEN} (200 mg/kg), group 5 received
ETH and BEN, group 6 received ETH and EVOO,
group 7 received BEN and EVOO while group 8
received ETH, BEN and EVOO. Rats in all groups were
treated twice a week for two weeks (14 days). The rat
grouping, treatment protocol and dosage regimen are
shown in table 1.

Table 1: Rat grouping, dosage and administration Schedule.

Group | Administration Dose regimen Duration
A Distilled Water 2 mL/kg 2 weeks
B EVOO 2 mL/kg 2 weeks
C ETH 2 mL/kg of 25% 2 weeks
D BEN 200mg/kg 2 weeks
E ETH + BEN 2 mL/kg of 25% and 200mg/kg respectively 2 weeks each
F ETH + EVOO 2 mL/kg of 25% and 2 mL/kg respectively 2 weeks each
G BEN + EVOO 200mg/kg and 2 mL/kg respectively 2 weeks each
H ETH + BEN + EVOO | 2 mL/kg of 25%, 200mg/kg and 2 mL/kg respectively | 2 weeks each

Animal Sacrifice

After the last day of administration, the experimental
animals were euthanized by cervical dislocation. Blood
was collected through the ocular puncture into EDTA
tubes for haematological assay. The Spleen was carefully
excised and fixed in 10% formol-saline for routine
histological processing.

Haematological assays

Haematological analysis of the blood samples was
performed using an automated haematology analyzer
(2800 Hematology AutoAnalyzer). Full blood count
(FBC) analysis was carried out including packed cell
volume (PCV), haemoglobin (HB), white blood cells,
neutrophils, lymphocytes (L) and monocytes (M).
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Histopathology Examination

The spleen was dehydrated with increasing
concentrations of isopropyl alcohol (50%, 70%, 90%,
and 100%), cleared in xylene, and then impregnated in
paraffin wax of melting point between 55°C-56°C for
infiltration. Paraffin sections at a thickness of 5 um were
then mounted on glass slides. Haematoxylin & Eosin
(H&E) stain was used to highlight the general
microstructure of the spleen while Periodic Acid Schiff
(PAS) stain was used to highlight collagenous connective
tissue fibres. The pancreas was also stained with Masson
Trichrome to visualize collagen fibres. The stained tissue
sections were then observed under the microscope
(Leica, DM 750) interfaced with a camera (Leica, ICC
50), and photomicrographs taken at x40 objective lens
were archived.

Data Presentation and Statistical Analysis

Significant differences in data were determined by one-
way analysis of variance (ANOVA). This was followed
by Tukey’s post hoc test on Graph Pad Prism version
5.03 (GraphPad Software, Inc. CA, 92037 USA). Data
were expressed as mean * standard error of the mean
(SEM). p < 0.05 was considered significant.

RESULTS

Effects of Extra virgin olive oil, Ethanol and Benzene
on Organ Weight and Relative Organ Weight
Comparison of data showed no significant difference (p
> 0.05) when all groups were compared.
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Following the administration of ethanol and benzene,
and treatment with extra virgin olive oil, there was no
significant difference in the organ weight (figure 1).
Also, the relative organ weight (figure 2) showed no
significant difference across all treatment groups in
comparison with the control group.

Effects of Extra virgin olive oil, Ethanol and Benzene
on Hematological Parameters

Administration of ethanol and benzene alone or when
combined resulted in significant alteration of the
haematological parameters (Table 2). Interestingly,
treatment with extra virgin olive oil significantly
(p<0.05) reversed the hematotoxic effects of ethanol,
benzene and ethanol combined with benzene.

Histopathological Assessment

Section showed that ethanol and benzene resulted in the
remarkable distortion of the splenic tissue compartment
using H and (Plate 1) as well as periodic acid Schiff
staining techniques (Plate 2) However, improved splenic
tissue histoarchitecture was observed among the group of
animals treated with extra virgin olive oil.
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Figure 1: Bar chart represents the weight of Spleen following the effect of extra virgin olive oil, ethanol and
benzene. Data are expressed as mean + SEM. Values are not statistically significant across the groups at

(p>0.05).

Abbreviations: Control (CTR), Extra Virgin Olive Oil
(EVOO), Ethanol (ETH), Benzene (BEN), Ethanol +
Benzene (ETH + BEN), Ethanol+ Extra Virgin Olive

Oil (ETH+EVOO), Benzene+ Extra Virgin Olive Oil
(BEN+EVOO), Ethanol+Benzene+Extra Virgin Olive
Oil (ETH+BEN+EVOO).
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Abbreviations: Control (CTR), Extra Virgin Olive Oil
(EVOO), Ethanol (ETH), Benzene (BEN), Ethanol +
Benzene (ETH + BEN), Ethanol+ Extra Virgin Olive
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Figure 2: Bar chart of Relative Organ Weight (ROW).

Table 2: Effect of Ethanol, Benzene and Extra virgin olive oil on haematological parameters.

Oil (ETH+EVOO), Benzene+ Extra Virgin Olive Oil
(BEN+EVOO), Ethanol+Benzene+Extra Virgin Olive
Oil (ETH+BEN+EVOO).

GROUPS PCV (%) Hb (gm/dl) WBCs (mm’) N (%) L (%) M (%)
CTR 34.50£6.922 | 11.90+0.6061 | 5.5500.2306 | 25.00+2.646 | 78.33+3.694 | 1.333+0.6670
EVOO 35.83:1.815 | 11.47+2.3020 | 6.050+1.3320 | 28.67x2.171 | 75.67+2.716 | 1.000+0.4472
ETH 41.67+0.843* | 13.82+0.2600 | 5.783x1.1330 | 33.00+1.308* | 68.33+2.98* | 3.833+0.9098*
BEN 32.33%6.525 | 12.90+0.3564 | 3.700£0.4219* | 36.00+2.828* | 66.33£3.84* | 3.6670.7601*
ETH+BEN 35.50+7.210 | 14.20£0.5079* | 5.200+0.7956 | 34.00+1.414* | 66.17+3.08* | 4.667+0.8028*
ETH+EVOO 38.17+1.376** | 12.68+0.4438 | 8.783t1.3840 | 33.00£1.838 | 64.00+1.713 | 1.000+0.4472
BEN+EVOO 34.83:1.167 | 11.74+0.4556 | 6.140+0.8931** | 33.60+1.470 | 67.33t3.676 | 2.333+0.6164**
ETH+BEN*EVOO | 23.67+7.513 | 7.883x2.5030 | 4.483t1.9570 | 32.001.826 | 70.833.167 | 2.667+0.6667**

Table 1: Showing Full Blood Count Analysis.

Benzene (ETH + BEN), Ethanol+ Extra Virgin Olive
Oil (ETH+EVOO), Benzene+ Extra Virgin Olive Oil
(BEN+EVOO), Ethanol+Benzene+Extra Virgin Olive
Oil (ETH+BEN+EVOO), Packed Cell Volume (PVC),
Hemoglobin (HB), White Blood Cells (WBCs),
Neutrophil (N), Lymphocyte (L), Monocyte (M),
Percentage (%), grams per deciliter (g/dL).

Data are significant (*p<0.5) in comparison to CTR and
EVOO groups while data are significant (**p<0.5) with
ETH, BEN and ETH + BEN groups.

Abbreviations: Control (CTR), Extra Virgin Olive Qil
(EVOO), Ethanol (ETH), Benzene (BEN), Ethanol +
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Plate 1: Representative light photomicrograph of the Splenic tissue subjected to H and E stain Mag. (x 400). Unlike the
CTR and EVOO groups, the ETH, BEN and ETH+BEN groups presented with splenic tissue distortions characterized
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by remarkable fibrosis. There was no evidence of fibrosis in the ETH+EVOO, BEN+EVOO, and ETH+BEN+EVOO
groups.

Abbreviation: Control (CTR), Extra Virgin Olive Oil
(EVOO), Ethanol (ETH), Benzene (BEN), Ethanol +
Benzene (ETH + BEN), Ethanol+ Extra Virgin Olive

Oil (ETH+EVOO), Benzene+ Extra Virgin Olive Oil
(BEN+EVOO), Ethanol+Benzene+Extra Virgin Olive
Oil (ETH+BEN+EVQO).

Plate 2: Representative light photomicrograph of the Splenic tissue subjected to Periodic Acid Schiff (PAS) stain (x
400). Sections revealed normal splenic capsule, white pulp, red pulp, and trabecular with no evidence of fibrosis in the
CTR and EVOO groups. Whereas, the spleen of the ETH, BEN, and ETH + BEN groups had remarkable fibrosis.
There were no traces of fibrosis in the splenic tissue of the ETH+EVOO, BEN+EVOO, and ETH+BEN+EVOO

groups. Abbreviation: Control (CTR), Extra Virgin Olive Oil (EVOO), Ethanol (ETH), Benzene (BEN), Ethanol +

Benzene

(ETH + BEN), Ethanol+ Extra Virgin Olive Oil (ETH+EVOO), Benzene+ Extra Virgin Olive Oil

(BEN+EVOOQ), Ethanol+Benzene+Extra Virgin Olive Oil (ETH+BEN+EVOO).

DISCUSSION

The present study investigated the ameliorative
potentials of extra virgin olive oil on the hematotoxic and
splenotoxic effects of ethanol and benzene either when
administered alone or when coadministered.

When all the groups were compared, there was no
significant alteration in the weight of the spleen
following the administration of ethanol, benzene and
extra virgin olive oil (EVOO). This may likely be due to
the relatively short period of the administration.
However, chronic ethanol or benzene exposure with
EVOO for 28 days significantly reduced the weight of
the spleen in Wistar rats, 114511461

Ethanol™™ [ and benzenel*! B intoxication has been
implicated in certain disease conditions which are
associated with pathologically relevant levels of
haematological indices. In the present study, the
administration of ethanol or benzene alone or when
coadministered resulted in significant alteration of
haematological parameters. In comparison with the rats
in the control group, a significantly low level of PCV
was obtained from the ethanol-treated group but not from
the benzene treated group. A reduced PCV level is
usually indicative of anaemia. The mechanism of
ethanol-induced anaemia is a function of several
metabolic aberrations. These include upregulation of
inflammation signalling, compromised hepatocellular
integrity, defective  erythropoiesis  or  even

malnutrition.®%2 Interestingly, supplementation with
extra virgin olive oil significantly curtailed the
debilitating effects of ethanol on the PCV level. This
indicated that extra virgin olive oil may likely contain
bioactive mechanisms which may potentially modulate
downstream biochemical pathways of ethanol-induced
anaemia.

Consequently, benzene administration significantly
(p<0.5) reduced the white blood cell (WBCs) level. A
condition of reduced WBCs is known as leukopenia. The
debilitating effect of benzene on WBCs has been
implicated in certain biochemical pathways associated
with the initiation and progression of leukaemia.l*
However, treatment with extra virgin olive oil
ameliorated the hematotoxic effect of benzene by
significantly (p<0.5) increasing the WBC level. This
indicated that certain bioactive compounds in EVOO
may likely curtail the carcinogenic effect of benzene by
inhibiting the reduction of white blood cells. Whereas, a
previous study has documented that supplementation
with EVOO significantly reduced the blood levels of
haemoglobin and leucocytes in pregnant Sprague
Dawley rats,® the present study couldn't establish a
similar effect of EVOO on ethanol and/or benzene
hematotoxicity.

Moreover, a previous study has shown that olive oil can
potentially curtail elevated blood levels of neutrophils
and monocytes.”™ Notwithstanding, our findings in this
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study revealed that EVOO supplementation significantly
(p<0.5) lowered the blood level of monocytes alone, but
not neutrophils. Although monocytes are essential
components of the immune response, their activation has
been linked with other haematological conditions such as
anaemia and leukopenia.®® Elevated monocytes can also
trigger a chronic inflammatory response which has been
associated with cardiomyopathy,™" 8 autoimmune
diseases and certain malignancies.!%

The histopathological assessment showed remarkable
fibrosis in the splenic tissue compartments of the groups
administered with only ethanol and benzene as well as
the coadministration group, relative to the control group.
The debilitating effects of ethanol and benzene on the
histoarchitectural integrity of the spleen may likely
explain the reason for the elevated haemoglobin levels in
the blood. This is particularly possible because
extramedullary hematopoiesis occurring during postnatal
life in the spleen has been implicated as a pathological
symptom.®™ It is noteworthy that supplementation with
extra virgin olive oil preserved the splenic tissue while
equally ameliorating the toxic effects of ethanol and
benzene. This indicated that extra virgin olive oil may
therefore possess an essential bioactive mechanism
whose pharmacological properties are relevant in
improving haematological indices and protecting vital
organs.

CONCLUSION

This study demonstrated the toxicity effects of ethanol
and benzene on blood cells as well as the spleen.
However, supplementation with extra virgin olive oil
elicited outstanding pharmacological potential in
ameliorating the toxicity attributable to blood and the
spleen. Nevertheless, our future studies will focus on
identifying the specific natural compounds which are
responsible for the pharmacological potentials of EVOO
in relieving pathological symptoms associated with
ethanol and benzene induced toxicities.

ACKNOWLEDGEMENT
Nil

CONFLICT OF INTERESTS
Nil.

REFERENCES

1. Medina J. D. C. and Jr, A. I. M. Ethanol
Production, Current Facts, Future Scenarios, and
Techno-Economic  Assessment  of  Different
Biorefinery Configurations. IntechOpen, 2020. doi:
10.5772/intechopen.95081.

2. Silva, A. O. Prohaska C. C., and Ceron C. S.,
‘Ethanol Consumption and Sepsis: Mechanisms of
Organ Damage’, Journal of Cellular Signaling, vol.
2, no. 4, Art. no. 4, Oct. 2021, doi:
10.33696/Signaling.2.056.

3. Busi¢ A. et al, ‘Bioethanol Production from
Renewable Raw Materials and Its Separation and

Purification: A Review’, Food Technol Biotechnol,
vol. 56, no. 3, pp. 289-311, Sep. 2018, doi:
10.17113/fth.56.03.18.5546.

4. Meng Q. et al., ‘Sustainable production of benzene
from lignin’, Nat Commun, vol. 12, no. 1, Art. no. 1,
Jul. 2021, doi: 10.1038/s41467-021-24780-8.

5. Antonucci A. Vitali, M. Martellucci S., Mattei V.,
and. Protano C, ‘A Cross-Sectional Study on
Benzene Exposure in Pediatric Age and Parental
Smoking Habits at Home’, Int J Environ Res Public
Health, vol. 17, no. 15, p. 5469, Aug. 2020, doi:
10.3390/ijerph17155469.

6. Obad A.,. Peeran A, Little J. I., Haddad G. E., and
Tarzami S. T., ‘Alcohol-Mediated Organ Damages:
Heart and Brain’, Frontiers in Pharmacology, vol. 9,
2018, Accessed: May 24, 2022. [Online]. Available:
https://www.frontiersin.org/article/10.3389/fphar.20
18.00081

7. Zink A. et al., ‘Assessment of Ethanol-Induced
Toxicity on iPSC-Derived Human Neurons Using a
Novel High-Throughput Mitochondrial Neuronal
Health (MNH) Assay’, Frontiers in Cell and
Developmental Biology, vol. 8, 2020, Accessed:
Feb. 13, 2022. [Online]. Available:
https://www.frontiersin.org/article/10.3389/fcell.202
0.590540

8. Rana I., Dahlberg S., Steinmaus C., and Zhang L.,
‘Benzene exposure and non-Hodgkin lymphoma: a
systematic review and meta-analysis of human
studies’, The Lancet Planetary Health, vol. 5, no. 9,
pp. €633-e643, Sep. 2021, doi: 10.1016/S2542-
5196(21)00149-2.

9. Ren S. et al., ‘Rutaecarpine Ameliorates Ethanol-

Induced Gastric Mucosal Injury in Mice by
Modulating Genes Related to Inflammation,
Oxidative Stress and Apoptosis’, Frontiers in

Pharmacology, vol. 11, 2020, Accessed: May 24,
2022. [Online]. Available:
https://www.frontiersin.org/article/10.3389/fphar.20
20.600295

10. Kamal H. et al, ‘Alcohol Use Disorder,
Neurodegeneration, Alzheimer’s and Parkinson’s
Disease: Interplay Between Oxidative Stress,
Neuroimmune Response and Excitotoxicity’, Front
Cell Neurosci, vol. 14, p. 282, Aug. 2020, doi:
10.3389/fncel.2020.00282.

11. Asuquo I. E., Edagha I. A, Ekandem G. J., and Peter
A. I, ‘Carica papaya attenuates testicular
histomorphological and hormonal alterations
following alcohol-induced gonado toxicity in male
rats’, Toxicol Res, vol. 36, no. 2, pp. 149-157, Apr.
2020, doi: 10.1007/s43188-019-00017-1.

12. Mangla G., Garg N., Bansal D., Kotru M., and Sikka
M., ‘Peripheral Blood and Bone Marrow Findings in
Chronic Alcoholics with Special Reference to
Acquired Sideroblastic Anemia’, Indian J Hematol
Blood Transfus, vol. 36, no. 3, pp. 559-564, Jul.
2020, doi: 10.1007/s12288-019-01188-5.

WWW.ejpmr.com | Vol 9, Issue 8, 2022. |

ISO 9001:2015 Certified Journal | 528




Olufunso et al.

European Journal of Pharmaceutical and Medical Research

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Day E. and Rudd J. H. F., ‘Alcohol use disorders
and the heart’, Addiction, vol. 114, no. 9, pp. 1670-
1678, Sep. 2019, doi: 10.1111/add.14703.

Larsson S. C., Burgess S., Mason A. M., and
Michaélsson K., ‘Alcohol Consumption and
Cardiovascular Disease: A Mendelian
Randomization Study’, Circ Genom Precis Med,
vol. 13, no. 3, p. e002814, Jun. 2020, doi:
10.1161/CIRCGEN.119.002814.

Shaaban A., Gangwani M. K., Pendela V. S., and
Vindhyal M. R., ‘Alcoholic Cardiomyopathy’, in

StatPearls, Treasure Island (FL): StatPearls
Publishing, 2022. Accessed: May 24, 2022.
[Online]. Available:

http://www.ncbi.nlm.nih.gov/books/NBK513322/

Xie F., Feng S., and Mao Y., ‘Alcohol consumption
as a cause of cancer: urging for more mechanism
study’, Hepatobiliary Surg Nutr, vol. 8, no. 3, pp.
318-320, Jun. 2019, doi: 10.21037/hbsn.2019.01.20.

Rumgay H., Murphy N., Ferrari P., and
Soerjomataram .,  ‘Alcohol and Cancer:
Epidemiology and Biological Mechanisms’,

Nutrients, vol. 13, no. 9, p. 3173, Sep. 2021, doi:
10.3390/nu13093173.

North C. M., Schnatter A. R., Rooseboom M.,
Aygun Kocabas N., Dalzell A., and Williams S. D.,
‘Key event-informed risk models for benzene-
induced acute myeloid leukaemia’, Toxicol Lett, vol.

340, pp. 141-152, Apr. 2021, doi:
10.1016/j.toxlet.2021.01.003.
Grigoryan H. et al., ‘Adductomic signatures of

benzene exposure provide insights into cancer
induction’, Carcinogenesis, vol. 39, no. 5, pp. 661-
668, May 2018, doi: 10.1093/carcin/bgy042.

Yu C.-H. et al., ‘Identification of potential pathways
and microRNA-mRNA networks associated with
benzene metabolite hydroquinone-induced
hematotoxicity in human leukemia K562 cells’,
BMC Pharmacology and Toxicology, vol. 23, no. 1,
p. 20, Apr. 2022, doi: 10.1186/s40360-022-00556-8.
Santiago F. et al., ‘Benzene poisoning, clinical and
blood abnormalities in two Brazilian female gas
station attendants: two case reports’, BMC Res
Notes, wvol. 10, p. 52, Jan. 2017, doi:
10.1186/s13104-016-2369-8.

D’Andrea M. A. and Reddy G. K., ‘Health Risks
Associated With Benzene Exposure in Children: A
Systematic Review’, Glob Pediatr Health, vol. 5, p.
2333794X18789275, Aug. 2018, doi:
10.1177/2333794X18789275.

Vitale C. M. and Gutovitz S., ‘Aromatic Toxicity’,
in StatPearls, Treasure Island (FL): StatPearls
Publishing, 2022. Accessed: May 24, 2022.
[Online]. Available:
http://www.ncbi.nIm.nih.gov/books/NBK532257/
Vassoler T. et al., ‘Evaluation of the Genotoxicity of
Tobacco and Alcohol in Oral Mucosa Cells: A Pilot
Study’, J Contemp Dent Pract, vol. 22, no. 7, pp.
745-750, Jul. 2021.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Rana S. V. S, Verma Y. and Singh G. D,
‘Assessment of genotoxicity amongst smokers,
alcoholics, and tobacco chewers of North India
using micronucleus assay and urinary 8-hydroxyl-
2’-deoxyguanosine, as biomarkers’, Environ Monit
Assess, vol. 189, no. 8, p. 391, Aug. 2017, doi:
10.1007/s10661-017-6103-3.

Marrubini G., Castoldi A. F., Coccini T., and Manzo
L., ‘Prolonged Ethanol Ingestion Enhances Benzene
Myelotoxicity and Lowers Urinary Concentrations
of Benzene Metabolite Levels in CD-1 Male Mice’,
Toxicological Sciences, vol. 75, no. 1, pp. 16-24,
Sep. 2003, doi: 10.1093/toxsci/kfg163.

Conte L., ‘The Chemistry of Olive Oil: an endless
story’, OCL, wvol. 27, p. 28, 2020, doi:
10.1051/0cl/2020024.

Alzaa A., Guillaume C., and Ravetti L., ‘Cooking
with Extra Virgin Olive Oil’, 2021. doi:
10.5772/intechopen.97165.

Krznari¢ Z., Karas |., Ljubas Kele¢i¢ D., and
Vrane$i¢ Bender D., ‘The Mediterranean and Nordic
Diet: A Review of Differences and Similarities of
Two  Sustainable, Health-Promoting  Dietary
Patterns’, Frontiers in Nutrition, vol. 8, 2021,
Accessed: May 24, 2022. [Online]. Available:
https://www.frontiersin.org/article/10.3389/fhut.202
1.683678

Conde C., et al.,, ‘Extra-Virgin Olive Oil Modifies
the Changes Induced in Non-Nervous Organs and
Tissues by Experimental Autoimmune
Encephalomyelitis Models’, Nutrients, vol. 11, no.
10, p. 2448, Oct. 2019, doi: 10.3390/nu11102448.
Ly T. T. G, Yun J., Lee D.-H., Chung J.-S., and
Kwon S.-M., ‘Protective Effects and Benefits of
Olive Oil and Its Extracts on Women’s Health’,
Nutrients, vol. 13, no. 12, p. 4279, Nov. 2021, doi:
10.3390/nu13124279.

Petkoska A. T. and Trajkovska-Broach A., Health
Benefits of Extra Virgin Olive Oil. IntechOpen,
2021. doi: 10.5772/intechopen.96570.

Fuentes E., Paucar F., Tapia F., Ortiz J.,
Jiménez Patifio P., and Romero N., ‘Effect of the
composition of extra virgin olive oils on the
differentiation and antioxidant capacities of twelve
monovarietals’, Food Chemistry, vol. 243, Sep.
2017, doi: 10.1016/j.foodchem.2017.09.130.
Fratianni F. et al., ‘Biochemical composition and
antioxidant activity of three extra virgin olive oils
from the Irpinia Province, Southern Italy’, Food
Science & Nutrition, vol. 7, no. 10, p. 3233, Oct.
2019, doi: 10.1002/fsn3.1180.

Fezai M., Senovilla L., Jemaa M., and Ben-Attia M.,
‘Analgesic, Anti-Inflammatory and Anticancer
Activities of Extra Virgin Olive Oil’, Journal of
Lipids, vol. 2013, p. e129736, Dec. 2013, doi:
10.1155/2013/129736.

Santangelo C. et al., ‘Anti-inflammatory Activity of
Extra Virgin Olive Oil Polyphenols: Which Role in
the Prevention and Treatment of Immune-Mediated
Inflammatory Diseases?’, Endocr Metab Immune

WWW.ejpmr.com |

Vol 9, Issue 8, 2022.

ISO 9001:2015 Certified Journal |

529




Olufunso et al.

European Journal of Pharmaceutical and Medical Research

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47,

Disord Drug Targets, vol. 18, no. 1, pp. 36-50,
2018, doi: 10.2174/1871530317666171114114321.
Nazzaro F. et al., ‘Antibacterial Activity of Three
Extra Virgin Olive Oils of the Campania Region,
Southern ltaly, Related to Their Polyphenol Content
and Composition’, Microorganisms, vol. 7, no. 9, p.
321, Sep. 2019, doi:
10.3390/microorganisms7090321.

Di Pietro M. et al., ‘Extra Virgin Olive Oil-Based
Green Formulations With Promising Antimicrobial
Activity Against Drug-Resistant Isolates’, Frontiers
in Pharmacology, vol. 13, 2022, Available:
https://www.frontiersin.org/article/10.3389/fphar.20
22.885735

Dini I. and Laneri S., ‘Spices, Condiments, Extra
Virgin Olive Oil and Aromas as Not Only
Flavorings, but Precious Allies for Our Wellbeing’,
Antioxidants (Basel), vol. 10, no. 6, p. 868, May
2021, doi: 10.3390/antiox10060868.
Wongwarawipat T., Papageorgiou N., Bertsias D.,
Siasos G., and Tousoulis D., ‘Olive Oil-related Anti-
inflammatory Effects on Atherosclerosis: Potential
Clinical Implications’, Endocr Metab Immune
Disord Drug Targets, vol. 18, no. 1, pp. 51-62,
2018, doi: 10.2174/1871530317666171116103618.
Anter J. et al., ‘Modulation of genotoxicity by extra-
virgin olive oil and some of its distinctive
components assessed by use of the Drosophila wing-
spot test’, Mutat Res, vol. 703, no. 2, pp. 137-142,
Dec. 2010, doi: 10.1016/j.mrgentox.2010.08.012.
Adebola A. O., Adegoke A. O., Chigbogu N. J.,
Toyin A. I., Tosin O. B., and Linda N. N., ‘EXTRA
VIRGIN OLIVE OIL EFFECT IN THE
COMBINATION OF ALCOHOL AND BENZENE
ON THE KIDNEY OF RATTUS NOVERGICUS’,
Innovare Journal of Medical Sciences, pp. 19-22,
Sep. 2021, doi: 10.22159/ijms.2021.v9i6.43029.
Kabaran S., Olive Qil: Antioxidant Compounds and
Their Potential Effects over Health. IntechOpen,
2018. doi: 10.5772/intechopen.80993.

Edsen-Moore M. R., Fan J., Ness K. J., Marietta J.
R., Cook R. T., and Schlueter A. J., ‘Effects of
Chronic Ethanol Feeding on Murine Dendritic Cell
Numbers, Turnover Rate, and Dendropoiesis’,
Alcohol Clin Exp Res, vol. 32, no. 7, pp. 1309-1320,
Jul. 2008, doi: 10.1111/j.1530-0277.2008.00699.x.
Liu X., Connaghan K. P., Yang Z., Li M. D., and
Chang S. L., ‘Involvement of the Hippocampus in
Binge Ethanol-Induced Spleen  Atrophy in
Adolescent Rats’, Alcohol Clin Exp Res, vol. 40, no.
7, pp. 1489-1500, Jul. 2016, doi:
10.1111/acer.131009.

Zdenko T., ‘One-month treatment with olive oil
decreased the weight of spleen and increased the
weight of prostate in Wistar rats’, Front.
Pharmacol., vol. 1, 2010, doi:
10.3389/conf.fphar.2010.60.00115.

Liu L. et al., ‘Ethanol Induces Platelet Apoptosis’,
Alcohol Clin Exp Res, vol. 41, no. 2, pp. 291-298,
Feb. 2017, doi: 10.1111/acer.13295.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Silczuk  A. and Habrat B., ‘Alcohol-induced
thrombocytopenia: Current review’, Alcohol, vol.
86, pp. 9-16, Aug. 2020, doi:
10.1016/j.alcohol.2020.02.166.

Goldstein B. D. and Smith M. T., ‘Benzene and
haematological ~ cancers’, in  Tumour  Site
Concordance and Mechanisms of Carcinogenesis,
R. A. Baan, B. W. Stewart, and K. Straif, Eds. Lyon
(FR): International Agency for Research on Cancer,
2019. Accessed: May 24, 2022. [Online]. Available:
http://www.ncbi.nlm.nih.gov/books/NBK570338/
Spatari G., Allegra A., Carrieri M., Pioggia G., and
Gangemi S., ‘Epigenetic Effects of Benzene in
Hematologic Neoplasms: The Altered Gene
Expression’, Cancers (Basel), vol. 13, no. 10, p.
2392, May 2021, doi: 10.3390/cancers13102392.
Lee S. Y., Park H. J., Best-Popescu C., Jang S., and
Park Y. K., ‘The Effects of Ethanol on the
Morphological and Biochemical Properties of
Individual Human Red Blood Cells’, PLoS One, vol.
10, no. 12, p. e0145327, Dec. 2015, doi:
10.1371/journal.pone.0145327.

Baldari S. et al., ‘Reduction of Cell Proliferation by
Acute C2H60 Exposure’, Cancers (Basel), vol. 13,
no. 19, p. 4999, Oct. 2021,  doi:
10.3390/cancers13194999.

McHale C. M., Zhang L., and Smith M. T., ‘Current
understanding of the mechanism of benzene-induced
leukemia in  humans: implications for risk
assessment’, Carcinogenesis, vol. 33, no. 2, pp.
240-252, Feb. 2012, doi: 10.1093/carcin/bgr297.
Nandakumaran M., Al-Sannan B., Al-Dossery M.,

and Al-Shammari M., ‘Effect of Olive Oil
Administration on Certain Hematologic and
Metabolic ~ Parameters in  Pregnant Rats’,

International Journal of Pure &Apllied Bioscience,
vol. 2, pp. 93-99, Jan. 2014.

Mokhtari T., Hussein Osman H.-E., EI-Meghawry
El-Kenawy A., and Dashti N., ‘Ameliorative effect
of virgin olive oil against nephrotoxicity following
sub-chronic administration of ethephon in male
rats’, Journal of Traditional and Complementary
Medicine, vol. 10, no. 5, pp. 487-495, Sep. 2020,
doi: 10.1016/j.jtcme.2019.08.005.

Singh K., ‘Leucocyte counts in anaemia’, Indian J
Physiol Pharmacol, vol. 54, no. 1, pp. 85-88, Mar.
2010.

Charach G., Rogowski O., Karniel E., Charach L.,
Grosskopf 1., and Novikov 1., ‘Monocytes may be
favorable biomarker and predictor of long-term
outcome in patients with chronic heart failure’,
Medicine (Baltimore), vol. 98, no. 38, p. €17108,
Sep. 2019, doi: 10.1097/MD.0000000000017108.
Jaworowski A., Hearps A. C., Angelovich T. A., and
Hoy J. F., “‘How Monocytes Contribute to Increased
Risk of Atherosclerosis in Virologically-Suppressed
HIV-Positive Individuals Receiving Combination
Aantiretroviral Therapy’, Front Immunol, vol. 10, p.
1378, Jun. 2019, doi: 10.3389/fimmu.2019.01378.

WWW.ejpmr.com |

Vol 9, Issue 8, 2022.

ISO 9001:2015 Certified Journal |

530




Olufunso et al.

European Journal of Pharmaceutical and Medical Research

59.

60.

61.

Shi C. and Pamer E. G., ‘Monocyte recruitment
during infection and inflammation’, Nature reviews.
Immunology, vol. 11, no. 11, p. 762, doi:
10.1038/nri3070.

Espinoza V. E. and Emmady P. D., ‘Histology,
Monocytes’, in StatPearls, Treasure lIsland (FL):
StatPearls Publishing, 2022. Accessed: May 24,
2022. [Online]. Available:
http://www.ncbi.nIm.nih.gov/books/NBK557618/
Cenariu D. et al., ‘Extramedullary Hematopoiesis of
the Liver and Spleen’, J Clin Med, vol. 10, no. 24, p.
5831, Dec. 2021, doi: 10.3390/jcm10245831.

WWW.ejpmr.com | Vol 9, Issue 8, 2022.

1SO 9001:2015 Certified Journal

531




