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Makkah 21955, Saudi Arabia. likhayyat@ugu.edu.sa

Abstract

Paracetamol has a reasonable safety profile in therapeutic doses, but the overdose cause nephrotoxicity and
acute kidney failure. The aim of the present work was to investigate whether Extra-Virgin Olive Qil
(EVOO0), has the potential to protect from the nephrotoxicity induced by paracetamol overdose. Forty Male
Wistar Albino rats were used in this study. The animals were divided into four groups (n=10): Animals in
control group (1) were given daily distilled water orally. Group 2 animals were given EVOO orally at the
daily rate (2 ml/kg b.wt.). Group 3 animals were given paracetamol orally at the daily rate (650 mg/kg
b.wt.). Group 4 animals were given daily paracetamol and EVOO orally using the same dose used in groups
2 and 3. All animals were sacrificed after 15 days. The histological and ultrastructure examination showed
several alterations in renal tubules cells such as cells damage, necrotic cells, pyknotic nucleus and destroy
some renal tubules in paracetamol comparing to control group. The treatment by EVOO appeared
protective effect on renal tubules comparing to paracetamol. Also, the data of plasma biomarker activity
showed significant (p<0.001) increase in uric acid, urea and creatinine levels in paracetamol compared to
the control group. While, the results of paracetamol and EVOO showed a significant decrease (p<0.001)
in uric acid, urea and creatinine levels activities compared to the paracetamol. In conclusion, the results of
present study indicate that EVOO may protect kidney against paracetamol- induced nephrotoxicity and
renal tubules cells damaged in rats. The effect may due to EVOO phenolic component and its antioxidant

properties.
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1 Introduction

Paracetamol (acetaminophen or APAP) is the most common used medication for pain and fever
in Saudi Arabia, and most of countries such as United States, Europe and Middle East. It is
available as a generic medication with trade names such as Tylenol and Panadol among others.
Paracetamol is available without a prescription and it is one of several first line therapies for
treatment of tension, migraine headache or dental pain. Paracetamol also considered as one of
several treatment options for people such as arthritis pain of the hip, hand, or knee. Also,
Paracetamol has relatively little anti-inflammatory activity, and can relieve pain in mild arthritis,
(De Martino et al. 2015). Therefor, the misuse of paracetamol by taking overdose or used for
long periods may cause damage to some organs.
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Several studies indicated that paracetamol overdose cause nephrotoxicity, hepatotoxicity and
damage in other organs (Lorz et al. 2004; Naggayi et al. 2015; Hassan. and Rahman 2016;
Canayakina et al. 2016; Dokumacioglu and Iskender 2017). Study by Lorz et al. (2004) showed
that paracetamol had a phenacetin metabolite which is considered one of the most nephrotoxic
analgesics by induction of apoptosis. Also, paracetamol induced several histopathological and
immuno-histochemical changes in liver, kidney and brain tissue (Hassan. and Rahman 2016).

Olive oil is a liquid fat obtained from olives fruits in Mediterranean Basin area. The olive oil is
usually used in cooking and as a salad dressing. It is also used in cosmetics, pharmaceuticals, and
soaps, and as a fuel for traditional oil lamps. (Riley 2002).

Virgin olive oil is produced from the first and second pressings of the olive fruit by the cold
pressing method (no chemicals) and is composed of a glycerol fraction (making up 90-99% of
the olive fruit) and a non-glycerol which contains phenolic compounds (making up 0.4-5% of
the olive fruit) (Cicerale et al. 2010)

EVOO is an important daily diet in Mediterranean Basin area because of its significant health
benefits. These benefits include reducing DNA oxidation and positively influencing cholesterol
regulation and oxidation of low-density lipoprotein. In addition, EVOO has anti-inflammatory,
antithrombotic, antimicrobial, anticarcinogenic, antihypertensive, and vasodilatory effects. (
Covas et al. 2000; Visioli et al. 2002; Covas et al. 2006; Covas 2007; Cicerale et al. 2012;
Hernéez et al. 2014; Berrougui et al. 2015). EVOO is effective at ameliorating some of the DNA
and kidney damage induced by hexavalent chromium toxicity in rats (Saber et al. 2015).

Several studies have investigated the role of EVOO as one of the active constituents in
complementary medicine and consider as natural sources contain a variety of molecules with
potent biological activities. In animal study reported that rats fed on a diet containing EVOO
were protected the liver against paracetamol overdose-induced hepatotoxicity. (Khayyat 2016).
In vivo study have shown that the antioxidant properties of phenolic compounds (oleuropein and
hydroxytyrosol) derived from Olive oil are linked with inhibition of lipid peroxidation and free
radical scavenging activity (Tuck et al. 2001). Other study suggests that EVOO is effective at
ameliorating some of the DNA and kidney damage induced by hexavalent chromium toxicity in
rats (Saber et al. 2015).

Therefore, the objective of present study was to evaluate the efficacy of EVOO against
paracetamol overdose induced renal toxicity in albino rats based on renal function markers in the
serum, histopathological and ultrastructural changes in the kidney.

2 Materials and methods

Animals:

Male Wister albino rats (weight 146-156 g) were used in the present study. Forty adult rats
maintained in special clean standard metallic cages (5 rats per cage) under standard laboratory
conditions an air conditioned room (24 + 2°C) with relative humidity of 50 + 5% and 12-h
light/12-h dark cycle and acclimatized for 1 week prior to the study. They fed with free access to
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a commercial balanced stock diet and water. The experiments were done in compliance with the
Guide for the Care and Use of Laboratory animals.

Drug and Oil used:

The Paracetamol was purchased from local pharmacy at Makkah, Saudi Arabia (Panadol 665,
GlaxoSmithKline Australia Pty Limited, Australia). Extra virgin olive oil was obtained from a
local market in Makkah, Saudi Arabia.

Experimental design:

Rats were randomly divided into 4 groups (n= 10). Control group (groupl), animals were given
distilled water orally at the daily rate of 2ml/kg b.wt. for 15 days. Group 2 animals were given
extra virgin olive oil orally at the daily rate (2ml/kg b.wt.) through gastric tube for 15 days (served
as positive control group). (Yousaf et al. 2012). Group 3 nimals were given paracetamol orally
at the daily rate (650mg/kg b.wt.) through gastric tube for 15 days. (Basu, et al. 2014). Group 4
animals were given paracetamol orally at the daily rate (650mg/kg b.wt.) and extra virgin olive
oil orally at the daily rate (2ml/kg b.wt.) through gastric tube for 15 days.

After 15 days, rats from both control and experimental groups were killed by cervical dislocation.
Small samples of Kidney were quickly removed and fixed for light- and electron microscopical
studies.

Biochemical testes:

For biochemical study, blood samples were collected from each rat via cardiac puncture method
and allowed to clot. The serum was rapidly separated by centrifuging the clotted blood at 3000g
for 10 min in a Beckman Model T-6 refrigerated centrifuge and processed for determination
into clean and dry tubes. Sera were stored at -20 OC until assayed for the biochemical
parameters. Creatinine, urea and uric acid were estimated. (Henry 1974; Potton and Crouch,
1977; Caraway (1955).

2-Histological and Ultrastructural study:

Kidneys of all groups were fixed in Bouin's solution then dehydrated, cleared, embedded in
paraffin wax. Sections of 5u were stained with hematoxylin and eosin for histological
examination.

For transmission electron microscopy, small pieces of kidney were immediately fixed in 4F1G
in phosphate buffer (pH 7.2) for 3 hours at 4°C, then post-fixed in 2% OSO4 in the same buffer
at 4°C for 1-2 hours. The specimens were dehydrated through graded series of ethanol, embedded
in epon-araldite mixture and polymerized at 60°C. Ultrathin sections (50 nm) from selected areas
were cut with glass knives on LKB ultra microtome, double stained with uranyl acetate and lead
citrate and examined by jeol 100CX electron microscope.
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3-Statistical Analysis:

Data were presented as mean + SD of ten replicates and were analyzed by one way ANOVA and
followed by students T test. Results considered to be statistically significant when p<0.05.

3 Main Results

Histological results:

Examination of kidney sections from the rats in control group showed basic structure of kidney
with normal glomeruli and renal tubules (Fig. 1a &1b).

Also, the histological examination of kidney sections from animals given EVOO were observed
normal glomeruli and renal tubules (Fig. 2).

However, histological changes were observed in the kidney sections from rats treated with
paracetamol compared to control group. The changes include shrinkage and lobulated glomerular
capillaries with appears of cavitation area and necrotic lesion in some glomeruli and renal
tubules (Fig. 3a &3b). Also, the membrane of tubular epithelial cells injury in apical surfaces and
degeneration in the basal membrane of cells (Fig. 3b).

The light microscopic examination of kidney sections from animals given paracetamol and
EVOO showed that most glomeruli had normal glomerular capillaries and normal renal tubules
epithelial cells with normal basal membrane compared to control group (Fig. 4).

RT

RT

- X400

-y -

s ¥200 Fig. 1B

Fig.1a &1b: light micrograph of kidney section of rat from control group showing normal glomeruli
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Fig.2: light micrograph of kidney section of rat from EVOO treatment group showing normal structure
of glomerular (G) and renal tubules (RT). H&E.

\ 2 ‘\ '}‘\"‘ w; J‘I b, T 3 ;“,""
Fig.3a &3b: light micrograph of kidney section of rat from paracetamol treatment group showing,
shrinkage, lobulated in some glomeruli capillaries (G). Cavitation area (arrows) and necrotic lesion in
some glomeruli and renal tubules (head arrows). The membrane of tubular epithelial cells injury in apical
surfaces and degeneration in the basal membrane of cells . H&E

Fig.4: light micrograph of kidney section of rat from EVOO and paracetamol treatment group showing
normal structure of most glomerular capillaries (G) and renal tubules (RT). H&E.
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Ultrastructural study:

The electron microscopic examination of the proximal tubular cells in control group appeared
with normal nuclei, regular basement cell membrane, apical microvilli formed a brush border,
numerous electron dense mitochondria and rough endoplasmic reticulum microvilli. (Fig.5a).
The distal tubular cells of the control rats showed with regular basement cell membrane,
microvilli zone is less developed than in the proximal and the lumen is wider comparing to
proximal lumen. Nucleus appeared with a central or peripheral electron-dense nucleolus.
Mitochondria appeared with rounded-shaped (Fig.5b).

The ultrastructure of the proximal tubular cells in EVOO rats demonstrate regular basement cell
membrane with well-developed basal infoldings. The nuclei appeared large spherical, with one
or more dense nucleoli and surrounded by numerous electron dense mitochondria. Lysosomes,
pinocytotic vesicles, rough endoplasmic reticulum cisternae can be observed throughout the
cytoplasm (Fig.6a). The distal tubular cells of the EVOO rats showed spherical apical nucleus
with a central or peripheral electron-dense nucleolus. basement membrane appeared with many
basal infoldings. The microvilli zone is less developed comparing to the proximal compartment
with wider lumen. (Fig.6b).

Electron microscopic observations showed the proximal tubular cells in rats treated with
paracetamol for 5 days. Some cells of proximal tubules showed pyknotic nuclei and the others
appeared with irregularly-shaped nuclei with loose chromatin materials, (Fig.7a & Fig. 7b). In
addition, irregular mitochondria, lysosomes containing dense material, pinocytotic vesicles were
appeared. (Fig.7a). The cytoplasm of distal tubular cells appeared with pyknotic nuclei and the
other with swollen nuclei, irregular mitochondria and pinocytotic vesicles. Also, the distal tubular
showed with unnormal microvilli and the lumen appeared wider (Fig. 7b).

In the EVOO and paracetamol group the proximal tubular cells appeared with nuclei and regular

chromatin materials, regular mitochondria, lysosomes, basement membrane and microvilli (mv).
The cytoplasm appeared with pinocytotic vesicles. (Fig.8a). While the distal tubular cells
appeared with irregular nuclei. Their cytoplasm showed contained numerous elongated
mitochondria and many electron-lucent vacuoles and there was regular basement membrane.
Also, some pinocytotic vesicles appeared in the cells. (Fig. 8b).
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Fig. 5a &5b: Electron micrograph of kidney rat in control group showing the proximal tubular cells with
normal nuclei (N), regular basement cell membrane (bm), apical microvilli formed a brush border (mv),
numerous electron dense mitochondria (M) and rough endoplasmic reticulum (rER) microvilli (mv) (Fig.
5a). the distal tubular cells with regular basement cell membrane (bm), nuclei (N), microvilli (mv) and
mitochondria (M) (Fig. 5b). (X2000)

Fig. 6a & 6b: Electron micrograph of kidney rat in EVOO group showing the proximal tubular cells with
normal nuclei and regular chromatin materials (N), regular mitochondria, lysosomes (Ly), basement
membrane (bm)and microvilli (mv). Some pinocytotic vesicles appeared (arrow) (Fig. a) (X3000). The
distal tubular cells with normal nuclei (N), regular mitochondria and basement membrane (bm) (Fig.6b).
(X2500)
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Fig. 7a & 7,b: Electron micrograph of kidney rat in paracetamol group showing the proximal tubular cells
with pyknotic nuclei (arrow) and the others appeared with irregularly-shaped nuclei with loose chromatin
materials (N), irregular mitochondria, lysosomes containing dense material (*), pinocytotic vesicles (head
arrow)(Fig. 7a) (X1500). The distal tubular cells with pyknotic nuclei (arrow) and the other with swollen
nuclei (N), irregular mitochondria (M) and pinocytotic vesicles (head arrow). The microvilli irregular
(mv) and the lumen appeared wider (L) (Fig.7b) (X 2000).

& LU LR ey, o 3G
Fig 8a & 8b: Electron micrograph of kidney rat in EVOO and paracetamol group showing the proximal
tubular cells with nuclei and regular chromatin materials (N), regular mitochondria, lysosomes (Ly),
basement membrane (bm)and microvilli (mv). The cytoplasm appeared with pinocytotic vesicles
(arrow)(Fig 8b). Some of the distal tubular cells with irregular nuclei (N), regular mitochondria and

basement membrane (bm). Some pinocytotic vesicles appeared (arrow) (Fig 8b). (X2000).

Biochemical results:

Table 1 shows that treatment with paracetamol resulted in a significant (p<0.001) increase in the
activity of plasma uric acid, urea and creatinine levels after 15 days of treatment compared to the
control group. On the other hand, animals treated with paracetamol and EVOO had a significant
decrease (p<0.001) in uric acid, urea and creatinine levels activities after 15 days of treatment
when compared to the paracetamol treated group.
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Table (1): Effect of administration of paracetamol and/or olive oil on urea, uric acid and creatinine in
male Wistar rats.

Contol Paracetamol Olive oil Paracetamol P
+ Olive oil

Urea (mg/d) 22.60*+2.29 53.88°+5.71  24.20°+2.52 40.13°+1.26 <0.001"

Creatinine  0.34%£0.05 0.99° +0.14 0.422 + 0.07 0.63*+0.07 <0.001"
(mg/dl)
Uric acid 2.282+0.25 5.63° + 0.49 2.46%+0.34 3.65°+0.16 <0.001"
(mg/dl)

Data represented as mean + SE.

Different subscripts are significant

p: p value for F test (ANOVA) and significant between groups using Post Hoc Test (LSD)
*: Statistically significant at p <0.05

4 Discussion

The chronic used or overdose of paracetamol may induce renal toxicity and acute renal failure
(Fored et al. 2001). The histological and ultrastructure results obtained in present study showed
that paracetamol overdose cause damage in renal tubular and nephrotoxicity. These results
agreement with several studies indicated that the overdose of paracetamol can cause
nephrotoxicity, renal tubular damage and renal failure (Ucheya 2006; Canayakin 2016;
Dokumacioglu 2017). Also, the present study showed that paracetamol overdose increases the
activity of plasma uric acid, urea and creatinine levels after 15 days of treatment compared to the
control group. The current results are agreed with the results obtained by Mathur et al. (2016).
They showed that the proximal tubular damage by using paracetamol overdose leading to
apoptotic cell death through decrease in Nuclear factor erythroid 2-related factor (2Nrf2), and
this explain the rise in plasma uric acid, urea and creatinine and the apoptosis detected in the renal
tubular cells in present study. Also, Abdul Hamid et al. (2012) showed that paracetamol overdose
induced nephrotoxicity and oxidative stress in rats. The DNA damage may result of
nephrotoxicity, and this damage can lead to cancer development (Salvini et al. 2006). The present
results indicated to the protective effects of EVOO on kidney in a model of toxicity induced by
paracetamol overdose in rats. The histological and ultrastructure results obtained showed
improvement in renal tubular cells in paracetamol and EVOO comparing to paracetamol. Also,
the EVOO showed in Group 4 significant decrease in levels activities in uric acid, urea and
creatinine after 15 days of treatment when compared to the paracetamol. This improvement may
possibly be due to EVOO which is have unique chemical structure beneficial to health and
protects from damage by free radical oxidation. It consists of highest concentration of
polyphenols compared to other types of virgin olive oils (Bawazir 2012). Many studies in human
and animal, both in vivo and in vitro demonstrated that olive oil phenolic compounds have
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positive effects on various physiological biomarkers. (Visioli and Gallil, 2002; Carluccio et al.
2003). A more investigation demonstrated that intake of phenol rich virgin olive oil decreases
oxidative DNA damage by up to 30% compared to a low phenol virgin olive oil (Salvini et al.
2006). Support to these findings, in vivo studies have also showed that a diet enriched with olive
oil phenolic compounds has a protective effect against DNA damage (Jacomelli et al. 2010,
Quiles et al. 2002). More studies showed the beneficial effect of olive oil phenolic compounds
on lipid oxidation (Jacomelli et al. 2010). However, in humans the ingestion of olive oil phenolic
compounds increases the total plasma antioxidant activity (Bogani et al. 2007). An additional
study also indicated that after consumption of phenol rich virgin olive oil there was decreased
urinary excretion of 8-oxo-deoxygyuanosine (8oxodG) a systemic marker of DNA oxidation
(Machowetz et al. 2007).

In conclusion, the current data demonstrated that EVOO have a protective action against toxicity
damage in renal cells induced by paracetamol overdose and this protective process is probably
due to its phenolic compounds and its antioxidant properties.

5 References

Abdul Hamid, Z., Budin, S. B., Jie, N.W., Hamid, A., Husain, K. and Mohamed, J.,
2012. Nephroprotective effects of Zingiber zerumbet Smith ethyl acetate extract
against paracetamol-induced nephrotoxicity and oxidative stress in rats. Journal of
Zhejiang University SCIENCE B. 13(3): 176-185

Basu, S, Haldar, N, Bhattacharya, S, Biswas, S and Biswas, M. 2014.
Hepatoprotective activity of Litchi chiesas leaf against paracetamol-induced liver
damage in rats. Middle-East Journal of Scientific Research 20(3): 292-296.

Bawazir, A. E. 2012. Effect of chocolate brown HT with olive oil on some
neurotransmitters in different brain regions, physiological and histological structure
of liver and kidney of male albino rats. Journal of Evolutionary Biology Research 4
(1): 13-23.

Berrougui, H., Ikhlef, S., and Khalil, A. 2015. Extra Virgin Olive Qil Polyphenols
Promote Cholesterol Efflux and Improve HDL Functionality. Evidence-Based
Complementary and Alternative Medicine. 10: 1-32.

Bogani, P., Galli, C., Villa, M. and Visioli, F. 2007. Postprandial anti-inflammatory
and antioxidant effects of extra virgin olive oil. Atherosclerosis, 190: 181-186.

Canayakina, D., Bayira, Y., Baygutalpa, N. K., Karaoglanb, E. S., Atmacac, H. T.,
Ozgerisd, F.B. K., Kelesd, M.S. and Halicie Z. 2016. Paracetamol-induced
nephrotoxicity and oxidative stress in rats: the protective role of Nigella Sativa.
Pharmaceutical Biology, 54, (10): 2082-2091.

Corresponding Author: Dr. Latifa | Khayyat, Biology Department, Faculty of Applied Sciences,
Umm Al-Qura University. PB 7296, Makkah, Saudi Arabia. E- mail likhayyat@ugqu.edu.sa
10



mailto:likhayyat@uqu.edu.sa
https://link.springer.com/journal/11585
https://link.springer.com/journal/11585
https://link.springer.com/journal/11585/13/3/page/1

Umm Al-Qura Univ. J. App. Sci. Vo I. 5, No. 1, pp. 1-13 (2018)

Caraway,W. 1955. Determination of uric acid in serum by carbonate method.
American Journal of Clinical Pathology, 25: 840-845.

Carluccio, M.A., Siculella, L., Ancora, M.A., Massaro, M., Scoditti, E., Storelli, C.,
Visioli, F., Distante, A. and De Caterina, R. 2003. Olive oil and red wine antioxidant
polyphenols inhibit endothelial activation: antiatherogenic properties of
Mediterranean diet phytochemicals. Arterio. Throm. Vasc. Bio., 23: 622—629.

Cicerale, S., Lucas, L. and Keast, R. 2010. Biological Activities of Phenolic
Compounds Present in Virgin Olive Oil. International Journal of Molecular
Sciences. 11: 458-479.

Cicerale, S., Lucas, L. J. and Keast, R. S. J. 2012. Antimicrobial, antioxidant and
anti-inflammatory phenolic activities in extra virgin olive oil. Current Opinion in
Biotechnology. 23(2):129-135.

Covas, M. I, Fitd, M., Lamuela-Raventds, R. M., Sebastia, N., De La Torre-
Boronat, C. and Marrugat J. 2000. Virgin olive oil phenolic compounds: binding to
human low-density lipoprotein (LDL) and effect on LDL oxidation. International
Journal of Clinical Pharmacology Research. 20(3-4): 49-54.

Covas, M. 1. 2007. Olive oil and the cardiovascular system. Pharmacological
Research. 55(3) :175-186.

Covas, M.1., Nyyssonen, K., Poulsen, H.E., Kaikkonen, J., Zunft, H.J., Kiesewetter,
H., Gaddi, A.,de la Torre, R., Mursu, J., Baumler, H., Nascetti, S., Salonen,
J.T., Fit6, M., Virtanen, J. and Marrugat, J. 2006. The effect of polyphenols in olive
oil on heart disease risk factors: a randomized trial. Annals of Internal
Medicine. 145(5): 333-341.

Dokumacioglu, E. and Iskender, H. 2017. Acetaminophen-Induced Nephrotoxicity
and Cystatin-C. JOJ Urology & Nephrology, 1(5): JOJUN.MS.ID.555571

Fored, C.M., Ejerblad, E., Lindblad, P., Fryzek, J.P., Dickman, P.W., Signorello,
L.B., Lipworth, L., Elinder, C.G., Blot, W.J., McLaughlin, J.K., Zack, M.M. and
Nyren, O. 2001. Acetaminophen, aspirin, and chronic renal failure. The New
England Journal of Medicine 345: 1801-1808.

Hassan, W. H. and Rahman, Z. A. 2016. Possible Protective Effects of Agomelatine
against Paracetamol Induced Toxicity in Rats. International Journal of Scientific and
Research Publications, 6(3): 2250-3153.

Henry, R. (1974): Creatinine Measurements with Colorimetric Method. Clinical
Chemistry. Principles and Techniques. Harper & Row Publishers.

Corresponding Author: Dr. Latifa | Khayyat, Biology Department, Faculty of Applied Sciences,
Umm Al-Qura University. PB 7296, Makkah, Saudi Arabia. E- mail likhayyat@ugqu.edu.sa
11



mailto:likhayyat@uqu.edu.sa

Umm Al-Qura Univ. J. App. Sci. Vo I. 5, No. 1, pp. 1-13 (2018)

Hernaez, A., Fernandez-Castillejo, S., Farras, M., Catalan, U., Subirana, I., Montes,
R., Sola, R., Mufioz-Aguayo, D., Gelabert-Gorgues, A., Diaz-Gil, O., Nyyssonen,
K., Zunft, HJ.,de la Torre, R., Martin-Peldez, S.,Pedret, A., Remaley,
A.T., Covas, M.l. and Fit6, M. 2014. Olive oil polyphenols enhance high-density
lipoprotein function in humans: a randomized controlled trial. Arteriosclerosis,
Thrombosis, and Vascular Biology. 34(9): 2115-2119.

Jacomelli, M., Pitozzi, V., Zaid, M., Larrosa, M., Tonini, G., Martini, A., Urbani,
S., Taticchi, A., Servili, M., Dolara, P. and Giovannelli, L. 2010. Dietary extra-
virgin olive oil rich in phenolic antioxidants and the aging process: long-term effects
in the rat. The Journal of Nutritional Biochemistry. 12: 290-296.

Khayyat, L. I. 2016. Protective effects of extra virgin olive oil against paracetamol-
induced liver toxicity in Wistar albino rats. EurAsian Journal of BioSciences. 10:
30-40.

Lorz, C., Justo, P., Sanz, A., Subira, D., Egido, J., and Ortiz A. 2004. Paracetamol-
Induced Renal Tubular Injury: A Role for ER Stress. Journal of the American
Society of Nephrology, 15: 380-389.

Lorze, C., Justo, p., Sanz, A., Subird, D., Egido, J. and Ortiz, A. 2004. Paracetamol-
Induced Renal Tubular Injury: A Role for ER Stress. Journal of the American
Society of Nephrology 15: 380-389.

Machowetz, A., Poulsen, H.E., Gruendel, S., Weimann, A., Fito, M., Marrugat, J.,
de la Torre, R., Salonen, J.T., Nyyssonen, K., Mursu, J., Nascetti, S., Gaddi, A.,
Kiesewetter, H., Baumler, H., Selmi, H.m., Kaikkonen, J., Zunft, H.J., Covas, M.I.
and Koebnick, C. 2007. Effect of olive oils on biomarkers of oxidative DNA stress
in Northern and Southern Europeans. FASEB Journal, 21: 45-52.

Martino, M. and Chiarugi, A. 2015. Recent Advances in Pediatric Use of Oral
Paracetamol in Fever and Pain Management. Pain and Therapy. 4(2): 149-168.

Mathur, A., Rizvi, F. and Kakkar, P. 2016. PHLPP2 down regulation influences
nuclear Nrf2 stability via Akt-1/Gsk3p/Fyn kinase axis in acetaminophen induced
oxidative renal toxicity: Protection accorded by morin Food and Chemical
Toxicology, 89: 19-31.

Naggayi, M., Mukiibi, N. and lliya, K. 2015. The protective effects of aqueous
extract of Carica papaya seeds in paracetamol induced nephrotoxicity in male wistar
rats African Health Sciences, 15(2): 597- 605.

Patton, C. and Crouch, S. 1977. Spectrophotometric and kinetics investigation of
the Berthelot reaction for the determination of ammonia. Analytical Chemistry, 49,
464468.

Corresponding Author: Dr. Latifa | Khayyat, Biology Department, Faculty of Applied Sciences,
Umm Al-Qura University. PB 7296, Makkah, Saudi Arabia. E- mail likhayyat@ugqu.edu.sa
12



mailto:likhayyat@uqu.edu.sa

Umm Al-Qura Univ. J. App. Sci. Vo I. 5, No. 1, pp. 1-13 (2018)

Quiles, J.L., Farquharson, A.J., Simpson, D.K., Grant, I. and Wahle, K.W. 2002.
Olive oil phenolics: effects on DNA oxidation and redox enzyme mRNA in prostate
cells. British Journal of Nutrition, 88: 225-234.

Riley, F.R. 2002. Olive QOil Production on Bronze Age Crete: Nutritional properties,
Processing methods, and Storage life of Minoan olive oil., Oxford Journal of
Archaeology, 21(1): 63-75.

Saber, T. M., Farag, M. R. and Cooper, R.G. 2015. Ameliorative effect of extra
virgin olive oil on hexavalent chromium-induced nephrotoxicity and genotoxicity
in rats. Revue de Medecine Veterinaire, 166 (1-2): 11-19.

Salvini, S., Sera, F., Caruso, D., Giovannelli, L., Visioli, F., Saieva, C., Masala, G.,
Ceroti, M., Giovacchini, V., Pitozzi, V., Galli, C., Romani, A., Mulinacci, N.,
Bortolomeazzi, R., Dolara, P.and Palli, D. 2006. Daily consumption of a high-
phenol extra-virgin olive oil reduces oxidative DNA damage in postmenopausal
women British Journal of Nutrition, 95: 742-751.

Tuck, K. L., Freeman, M. P., Hayball, P. J., Stretch, G. L. and Stupans, L. 2001.
The in vivo fate of hydroxytyrosol and tyrosol, antioxidant phenolic constituents of
olive oil, following intravenous and oral dosing of labeled compounds to rats.
The Journal of Nutrition, 131:1993-1996.

Ucheya, R. E. and Igweh, J. C. 2006. Histological changes in kidney structure
following a long-term administration of paracetamol (acetaminophen) in pregnant
sprague dawley rats. Nigerian Journal of Physiological Sciences 21 (1-2):77-81.

Visioli, F., Poli, A. and Gall, C. 2002. Antioxidant and other biological activities of
phenols from olives and olive oil. Medicinal Research Reviews. 22(1): 65-75.

Yousaf, M.J., Naveed, A.K., Ahmed, T., Khan, S. and Azeem, Z. 2012.
Hypolipidemic effect of extra virgin olive oil in diabetic rats. Journal of Rawalpindi
Medical College 16(1): 70-72.

Corresponding Author: Dr. Latifa | Khayyat, Biology Department, Faculty of Applied Sciences,
Umm Al-Qura University. PB 7296, Makkah, Saudi Arabia. E- mail likhayyat@ugqu.edu.sa
13



mailto:likhayyat@uqu.edu.sa

	Blank Page



