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Abstract

This experimental study aimed to evaluate the nephrotoxic and hepatotoxic effects of ibuprofen in male
Wistar rats, which is a widely used nonsteroidal anti-inflammatory drug (NSAID). The animals were divided
into two groups: a control group and a treatment group that received 800 mg/day ibuprofen orally for 12
consecutive days. Biochemical analysis demonstrated a statistically significant increase (p < 0.01) in the serum
urea and creatinine levels in the ibuprofen-treated group, indicating impaired renal function. Additionally,
liver enzymes ALT and AST were markedly elevated, suggesting hepatic injury. Histopathological
examination of the kidney tissues revealed pronounced structural damage, including glomerular atrophy,
tubular necrosis, vacuolation of tubular cells, and congestion of interstitial blood vessels. These findings
provide strong evidence that high-dose, short-term administration of ibuprofen can lead to considerable
functional and structural damage in both the kidneys and liver. This study highlights the necessity of cautious
ibuprofen use, especially in individuals with pre-existing renal or hepatic conditions, and calls for increased
awareness of the potential risks associated with unsupervised NSAID consumption.
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1. Introduction prostaglandin (PG) production, so that the PG-
mediated inflammatory response can be weakened

(Prusakiewicz et al., 2009). Although both COX

Ibuprofen, a propionic acid derivative, and

acetaminophen, an aniline derivative, are

nonsteroidal anti-inflammatory drugs (NSAIDs)

mainly used for their antipyretic, anti-

inflammatory, and analgesic properties (Rainsford,

2009). Its mechanism of action is the inhibition of

isoforms are found in the kidneys, their effects on
renal function are diametrically opposite; hence,
the specific NSAID used may have varying effects

on renal function. It has been proposed that

cyclooxygenase enzyme (COX) to reduce blocking COX-1 increases natriuresis and lowers
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blood pressure, whereas blocking COX-2 might
cause water and sodium retention and raise blood
pressure (Qi et al., 2002).

The primary area of the kidneys where water, salt,
and chloride are reabsorbed is known to be the renal
medulla. One possible explanation for the effects of
COX-2 inhibition, such as water and sodium
retention, is the lower levels of medullary PGE2. It
has been suggested that PGs created by COX-2 are
vasodilators that help preserve renal blood flow that
has been compromised by vasoconstrictors such as
noradrenaline or angiotensin II (Khan et al. 2019).
Additionally, a mouse study revealed that COX-1
inhibition decreased the quantity of PGs in the renal
cortex, medulla, and aorta, whereas COX-2
inhibition decreased PGs solely in the renal medulla
(Qietal., 2002).

As first-line antipyretic and analgesic drugs, they
have been widely used for a long time, not only as

prescription drugs but also as over-the-counter

medications (Gimenez-Bastida, 2019; Lucas,
2019).
Acute interstitial nephritis with hematuria,

proteinuria, and sometimes nephrotic syndrome has
been reported in humans, and the long-term use of
nonsteroidal anti-inflammatory drugs has caused
renal papillary necrosis and other abnormal renal
pathologies in animals (Li et al., 2001). A second
form of renal toxicity has been observed in patients
with pre-renal conditions, leading to a reduction in
renal blood flow or blood volume, in which renal
prostaglandins play a supportive role in the
maintenance of renal perfusion.

NSAIDs can also increase the risk of hyperkalemia.
NSAIDs should be used in patients undergoing
dialysis (Adams et al., 1970). With nonsteroidal
anti-inflammatory treatment, there is a potential

risk of hyperkalemia, particularly in patients with

2
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conditions such as diabetes mellitus or renal failure,
in elderly patients, or in patients receiving
concomitant therapy with angiotensin-II receptor
blockers,

converting enzyme inhibitors, or diuretics. Patients

antagonists, adrenergic angiotensin-
at risk should be monitored periodically during
long-term therapy (Angita Pharma, Inc., 2020).
This study aimed to measure biochemical and
histological alterations in the kidney to assess the
harmful effects of ibuprofen.

2. Materials and Methods

Materials: Brufen pills were obtained from Egyptian
Pharmaceutical Suppliers. Ibuprofen was the active
component. Two Ibuprofen pills, each containing
400 mg of medication, were ground in a glass
mortar, combined with 50 ml of distilled water,
placed in a glass beaker, and administered orally as
an aqueous suspension. To ensure that the
medication was distributed evenly to the animals, it
was shaken constantly while being administered.
Each day, the animals were checked for clinical
symptoms in their enclosures (Aprioku et al., 2014).
Male Wistar rats were used as experimental animals.
For the investigation, 120 g weights acquired from
the Theodor Bilharz Research Institute in Giza,
Egypt, were utilized. Rodents were provided
regular rodent feed and had unrestricted access to
tap water. They were handled in compliance with
international guidelines for the Care and Use of
Laboratory Animals and kept at a room temperature
of 28.0+2.0°C with natural illumination.
Experimental methodology: The rats were divided
into two groups, each of which contained six
animals kept in the animal house of the Faculty of
Education at Ain Shams University in Cairo, Egypt.
Each group was given free access to food and water,
and the animals were given medication for 12 days

in a row as follows:
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* Ibuprofen group: For 12 days, they received 0.2
ml of the medication daily.

*Control group: nothing was provided to them
(only food and beverages).

Every day, the animals were monitored for clinical
symptoms in their cages. The animals were put to
sleep with chloroform at the end of the 12-day trial,
and their blood was drawn using needles and stored
in tubes.

Determination of biochemical parameters: A
cardiac puncture was performed to obtain clotted
blood from which serum was extracted. Key serum
indicators  such  as  alanine

(ALT) and

aminotransferase (AST) were determined using

biochemical
aminotransferase aspartate
Sigma diagnostics. Serum creatinine, a result of
muscle metabolism, whose increased levels indicate
impaired renal excretion, is used to assess kidney
function. Blood urea nitrogen (BUN) is another
filtration marker obtained from protein breakdown;
however, extrarenal effects reduce its selectivity. A
more thorough measure of the kidney's filtering

ability is provided by the Estimated Glomerular

Filtration Rate (eGFR), which is determined using
creatinine level, age, sex, and occasional race.
Overall,

information about the functioning of the kidneys.

these metrics provide important
Preparation of histopathological slides: Following
kidney isolation in 10% formalin, tissue slides were
prepared, and histological examinations were
performed (Aziz et al., 2018).

Statistical analysis:

The t-test was used to analyze all data to identify
the cause of a significant effect. Mean + St. D. was
used to express the results, with p<0.05. considered
a significant difference from the control.

3. Results

Eftect of ibuprofen on serum ALT and AST levels
in rats: The results indicated a significant difterence
(p<0.01) in the serum levels of ALT (33.41 and
149.39) between the two groups, as well as a
significant increase (p<0.01) in the serum levels of
AST (43.467 and 157.5), with the highest levels in
the ibuprofen group when compared with the

control group (Table 1 and Figure 1).

Table 1: Mean and standard deviation of the liver function (ALT and AST) of control and Ibuprofen groups of male rats

Groups Control Ibuprofen
Mean St. D. Mean St. D.

ALT 3341 +0.835 | 149.39° £15

AST 43 467 +0.828 ‘ 157.5*% +2.65

*The mean difference is highly significant at p<0.01 level. St. D.: Standard deviation, ALT: Alanine aminotransferase, AST:

Aspartame aminotransferase
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Figure 1: Histogram presents the mean of ALT and AST in the blood serum of control and ibuprofen groups of male rats
Eftects of Ibuprofen on Rat Serum Creatinine and Urea Levels:

The ibuprofen group’s serum levels of Creatinine (0.68 and 2.47) and Urea (20.44 and 52.86) were
significantly higher (p<<0.01) than those of the control group (Table 2 and Figure 2).

Table 2: Mean and standard deviation of the Kidney Function (Creatinine and Urea) of control and ibuprofen groups of male rats.

Groups Control Ibuprofen
Mean St. D. Mean St. D.

Creatinine 0.68 +0.07 2.47% 0.155

Urea 20.44 +0.61 52.86* +2.39

*The mean difference is highly significant at p<0.01 level. St. D. Standard deviation.
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Figure 2: Histogram presents the mean creatinine and urea levels in the blood serum of male rats in the control and ibuprofen
groups.

Eftects of ibuprofen on the histological structure of rat kidneys:

Normal renal architecture with glomeruli, Bowman's space, renal tubules, and tubular cells was found by
histological examination of the normal kidneys of the control group (Figs. 3 and 4).

However, the ibuprofen group displayed histological changes, such as renal tubule necrosis, tubular cell

vacuolation, glomerular atrophy, and interstitial blood vessel congestion (Figs. 5 and 6).
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Figure 3: Control group showing normal renal architecture with glomeruli, Bowman's space, renal tubules, and tubular cells.
(x100, H&E).

Figure 4: Control group showing normal renal architecture with glomeruli, Bowman's space (yellow arrow), renal tubules, and
tubular cells (black arrow). (x400, H&E).

Figure 5: Ibuprofen group showing atrophy of glomeruli, necrosis of renal tubules, vacuolation of tubular cells, and congestion of
interstitial blood vessels. (x100, H&E).
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Figure 6: Ibuprofen group showing atrophy of glomeruli (yellow arrow), necrosis of renal tubules (blue arrow), vacuolation of

tubular cells (brown arrow), and congestion of interstitial blood vessels (black arrow). (x400, H&E).

4 Discussion Direct nephrotoxicity, immune-mediated harm

from the accumulation of antigen-antibody

Ibuprofen, a widely used non-steroidal anti-

complexes in glomeruli, and hemodynamic

inflammatory drug (NSAID) for pain relief, acts as a

non-selective cyclooxygenase (COX) inhibitor. consequences from COX inhibition, which lowers

prostaglandin ~ synthesis, are some of the

Although commonly prescribed, prolonged or

high-dose use has been linked to adverse renal
outcomes. Biochemical alterations observed in this
study suggest impaired kidney and liver function, as
evidenced by the elevated levels of key biomarkers
(Razzaq & Aboshnin, 2023).

The serum levels of ALT (33.41 vs. 149.39) and
AST (43.467 in the control group vs. 157.5 in the
ibuprofen group) were found to be significantly
elevated (p<0.01) in the current investigation, and
the ibuprofen group exhibited significantly higher
values. Similarly, the ibuprofen group had
significantly higher (p<0.01) serum creatinine (0.68
vs. 2.47) and urea (20.44 vs. 57.99) levels than the
control group. Significant degradation in the
hepatic and renal tissues of ibuprofen-treated rats

was further supported by histological analysis
(Aprioku et al., 2014; Klomjit & Ungprasert, 2022).
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mechanisms by which ibuprofen can cause kidney
damage. This suppression causes vasoconstriction of
renal tubules, which lowers the glomerular
filtration rate (GFR) and renal blood flow (RBF),
ultimately resulting in tubular injury (Shao et al.,
2021).

Owing to these mechanisms, patients using
ibuprofen are at an increased risk of kidney failure
and require close monitoring to avoid further
damage (Gul et al., 2018).

Farquhar, W. B. et al. (1999) stated that acute renal
failure has also been linked to more severe liver
damage, and that the rapid decline of both liver and

kidney functions can sometimes result in the

patient's death.
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5. Conclusion

Ibuprofen administration resulted in significant
disruption of liver and kidney function, as reflected
by elevated biochemical markers and tissue damage.
These findings underscore the importance of
cautious use and regular monitoring to mitigate the
risk of acute organ failure.
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	Figure (9): Glutathione Peroxidase (GPX) activity in liver of albino mice Mus Musculus, (mean ± SD). Superoxide dismutase activity is expressed as unit    U mg-1 protein.
	5. Discussion
	Palm oil derived from the mesocarp of oil palm fruits, is a versatile edible oil utilized in various applications, including food production, cosmetics, and bioenergy generation. Po is distinct owing to its balanced ratio of fatty acids with a near-eq...
	The results of this research highlight the harmful impact of both fresh and heated palm oil, as evidenced by liver tissue damage, increased oxidative stress, reduced antioxidant enzyme activity, and genotoxicity observed through the micronucleus test ...
	7. References
	Azman A, Mohd Shahrul S, Chan SX, Noorhazliza AP, Khairunnisak M, Nur Azlina MF, Qodriyah HM, Kamisah Y, Jaarin K (2012). Level of knowledge, attitude and practice of night market food outlet operators in Kuala Lumpur regarding the usage of repeatedly...
	A.Patsioura, A. M.  Ziaiifar, P. Smith, A.  Menzel, and O.  Vitrac (2017), “Effects of oxygenation and process conditions on thermo-oxidation of oil during deep-frying,” Food and Bioproducts Processing, 101, 84–99
	Asare GA, Okyere GO, Asante M, Brown CA, Santa S, Asiedu B (2013). Mutagenicity of edible palm oil on the Ghanaian market before and after repeated heating. J Food Sci, 78(12), 1948–51.
	Ambreen G, Siddiq A, Hussain K (2020). Association of long-term consumption of repeatedly heated mix vegetable oils in different doses and hepatic toxicity through fat accumulation. Lipids in Health and Disease, 19:1-9
	Adam SK, Soelaiman IN, Umar NA, Mokhtar N, Mohamed N, Jaarin K. (2008). Effects of repeatedly heated palm oil on serum lipid profile, lipid peroxidation and homocysteine levels in a post-menopausal rat model. Mcgill J Med, 11(2):14551
	A.Famurewa, O. Nwankwo, A. Folawiyo, E. C. Igwe, M. A. Epete, and O. G. Ufebe(2017) . “Repeatedly heated palm kernel oil induces hyperlipidemia, atherogenic indices and hepatorenal toxicity in rats: beneficial role of virgin coconut oil supplementatio...
	Akinola, F. F., Oguntibeju, O. O., Africa, C. W. J., & Truter, E. J. (2010). Effect of heating on physicochemical properties of palm oil. Pakistan Journal of Nutrition, 9(8), 781–784.
	Bayorh, M. A., Sylvester, L. A., & Harris, C. S. (2002). Effect of palm oil on oxidative stress-induced hypertension in rats. Nutrition Research, 22(5), 665- Cottrell RC (1991).  Introduction: nutritional aspects of palm oil. Am J Clin Nutr, 53(4), 98...
	Chong, Y. M., Choo, Y. M., & Ma, A. N. (2018). *Palm oil extraction and economic impact*. Journal of Agricultural Economics, 42(2), 89-102. Choe E., Min D. B. (2006). Chemistry and reactions of reactive oxygen species in foods. Critical Reviews in Foo...
	Che Idris, C.A., Wai Lin, S., Abdull Razis, A.F. (2020). Hypocholesterolaemic and an- ti-atherogenic effects of palm-based oils (Novelin I and Novelin II) in cholesterol-fed rabbits. Inter. J. Environ. Res. Pub. Health 17 (9), 3226
	Choe E., Min D. B. (2007). Chemistry of deep-fat frying oils. Journal of Food Science, 72(5): R77-86.
	Chang ML, Lin YT, Kung HN, Hou YC, Liu JJ, Pan MH, Chen HL, Yu CH, Tsai PJ (2021) A triterpenoid-enriched extract of bitter melon leaves alleviates hepatic fibrosis by inhibiting inflammatory responses in carbon tetrachloridetreated mice,l. National l...
	Claudio Ceconi, Antonella Boraso, Anna Cargnoni, Roberto Ferrari (2003). Oxidative stress in cardiovascular disease: myth or fact? Arch Biochem Biophys, 420(2), 217-21. Chong C L G, Hussan F and Othman F (2019). Hepatoprotective effects of morinda cit...
	Chong, G. H., Seng, K. C., Yusof, Y. A. M., & Omar, A. R. (2019). Effects of heated palm oil on health and nutrition: A systematic review. Journal of the American Oil Chemists’ Society, 96(9), 989–1000
	Chow, C. K., & Hong, C. B. (2010). Dietary vitamin E and selenium and oxidative stress in rats fed fish oil. Journal of Nutrition, 110(5), 936–942.
	Choe, E., & Min, D. B. (2007). Chemistry of deep-fat frying oils. Journal of Food Science, 72(5), 77–86.
	Daniluk K, Kutwin M, Grodzik M, Wierzbicki M, Strojny B, Szczepaniak J, Bałaban J, Sosnowska M, Chwalibog A, Sawosz E, Jaworski S. (2019). Use of Selected Carbon Nanoparticles as Melittin Carriers for MCF-7 and MDA-MB-231 Human Breast Cancer Cells. Ma...
	D. Narang, S. Sood, M. K. Thomas, A. K. Dinda, and S. K. Maulik (2004). “Effect of dietary palm olein oil on oxidative stress associated with ischemic-reperfusion injury in isolated rat heart,” BMC Pharmacology, 4, 29
	Dimitrow NV, Meyer C, Gilliland D, Ruppenthal M, Chenoweth W, Malone W (1991). Plasma tocopherols concentrations in response to supplemental vitamin E. AmJ Clin Nutr, 53(3), 723-9.
	Ebong, P. E., Owu, D. U., & Isong, E. U. (1999). Influence of palm oil (fresh and thermoxidized) diets on some cardiovascular disease risk factors in rats. East African Medical Journal, 76(6), 341–345.
	Farag RS, Abdel-Latif MS, Basuny AMM, Abd El Hakeem BS (2010). Effect of non-fried and fried oils of variety fatty acid compositions on rat organs. Agric Biol J N Am, 1(4), 501–509.
	F. J. Medeiros, C. G. Moth´e, M. B. Aguila, and C. A. Mandarim-De-Lacerda (2005). “Long-term intake of edible oils benefits blood pressure and myocardial structure in spontaneously hypertensive rat (SHR) and streptozotocin diabetic SHR,” Prostaglandin...
	Grootveld M, Atherton MD, Sheerin AN, Hawkes J, Blake DR, Richens TE, Silwood CJ, Lynch E, Claxson AW (1998). In vivo absorption, metabolism, and urinary excretion of alpha, beta-unsaturated aldehydes in experimental animals. Relevance to the developm...
	G. A. Khoschsorur, B. M. Winklhofer-Roob, H. Rabl, Th. Auer, Z. Peng, R. J. Schaur (2000). Evaluation of a sensitive HPLC method for the determination of Malondialdehyde, and application of the method to different biological materials. Chromatographia...
	Gutteridge, J. M. C. And Wilkins, S. (1982). Copper-dependent hydroxyl radical damage to ascorbic acid. FEBS Lett. ,137: 327.329.
	Halliwell, Barry, and John M. C. Gutteridge, Free Radicals in Biology and Medicine, 5th edn (Oxford, 2015; online edn, Oxford Academic, 22 Oct. 2015), accessed 25 Mar. 2025.
	Mesembe, O. E., Ibanga, I., & Osim, E. E. (2004). The effects of fresh and thermoxidized palm oil Diets on some haematological indices in the rat. Nigerian Journal of Physiological Sciences, 19 (1-2), 86–91.
	Ighodaro O, Akinloye O (2018). First line defence antioxidants-superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX): their fundamental role in the entire antioxidant defence grid, 54(4), 287-93.
	J. Ju, Z. Zheng, Y.-J.  Xu, Peirang Cao, Jingwei Li, Qiu Li and Yuanfa Liu (2019).  “Influence of total polar compounds on lipid metabolism, oxidative stress and cytotoxicity in HepG2 cells,” Lipids in Health and Disease,18, 37.
	Jayaraman, K., Subramaniam, K., & Sundram, K. (2021). Palm oil and its global applications: A review*. International Journal of Food Science, 56(3), 112-125.
	Ji, J., Wang, Y., Zhang, X., Liu, X., & Wang, W. (2017). Revealing oxidative degradation of lipids and screening potential markers in palm oil during thermal processing. Food Chemistry, 237, 984–992.
	Kamsiah, J., Latifah, S., & Hazim, M. (2016). Effect of heated palm oil consumption on lipid metabolism and cardiovascular risk. Food Chemistry, 192, 305-312.
	Ku S. K., Muhamad M. R., Fatin S. S., Saffana M., Taty K. A., Das S., Kamsiah J (2014). The harmful effects of consumption of repeatedly heated edible oils: a short review. La Clinica terapeutica, 165(4), 217-21
	Kumar, S., Ali, S. F., & Singh, R. (2024). Assessment of the genotoxic potential of repeatedly heated sunflower oil in Wistar rats. Cell Biochemistry and Biophysics, 82(1), 45- 55
	Leong XF, Mustafa MR, Das S, Jaarin K (2010). Association of elevated blood pressure and impaired vasorelaxation in experimental Sprague-Dawley rats fed with heated vegetable oil. Lipids Health Dis, 9,66.
	Leong XF, Aishah A, Nor Aini U, Das S, Jaarin K (2008). Heated palm oil causes rise in blood pressure and cardiac changes in heart muscle in experimental rats. Arch Med Res, 39(6), 567-72.
	Li C. J, Barkath A. A, Abdullah M. Z, Lingkan N, Ismail N. H. M, Pauzi S. H. M, Kamisah Y, Qodriyah H. M. S, Jaarin K, Mohamed S, Masbah N. (2019). The Effects of Citrus Leaf Extract on Renal Oxidative Stress, Renal Function and Histological Changes i...
	Li X, Yu X, Sun D, Li J, Wang Y, Cao P, Liu Y (2017). Effects of Polar Compounds Generated from the Deep-Frying Process of Palm Oil on Lipid Metabolism and Glucose Tolerance in Kunming Mice. J Agric Food Chem, 65(1):208-215.
	Li, Y., Hugenholtz, J., Abee, T., & Molenaar, D. (2011). Coexpression of SOD and CAT increases oxidative stress resistance in Lactobacillus rhamnosus. Journal of Agricultural and Food Chemistry, 59(14), 7484–7491.
	Leong, X. F.; Jumat, S.; Mohd Rais, M. And Kamsiah, J. (2012): Effect of Repeatedly Heated Palm Olein on Blood Pressure—Regulating Enzymes Activity and Lipid Peroxidation in Rats. Malays J. Med. Sci., 19(1): 20–29.
	M. H. Alaam, N. M. N. Yasin, S. A. Hafez, H. H. I. Mohammed, and S.  KhemaEl (2012).  “Biological and histological evaluations of palm oil and its fractions,” World Journal of Dairy & Food Sciences, 7(2), 120–130
	M.  N.  Boniface and O.  C.  E.  A.  Ejimofor (2012).  “The effects of thermally oxidized palm oil on the kidney of adult Wistar rats,” Jounal of Medical Science and Clinical research, 2(4), 759–767.
	M. N. Boniface and O. C. E. A. Ejimofor (2014). “The effects of thermally oxidized palm oil on the kidney of adult Wistar rats,” Jounal of Medical Science and Clinical research, 2, (4), 759–767
	Morshed MH, Ahmad MR, Rahim MA, Yeasmin F, Roy AK, Ibrahim M. (2018). Effects of long-time heated palm oil on physico-chemical properties and pharmacology of rabbits. Journal of Engineering, 9(1):96.
	Meijaard, E., Abram, N. K., Wells, J. A., & Wilson, K. A. (2018). Environmental impact of palm oil plantations*. Global Ecology and Conservation, 16, e00591
	Mesembe OE, Ibanga I, Osim EE. (2004). The effects of fresh and thermoxidized palm oil diets on some haematological indices in the rat. Nigerian Journal of physiological Sciences, 19(1):86-91
	Mescher, A. L. (2021). Junqueira’s Basic Histology: Text and Atlas (16th ed.).  McGraw-Hill Education. Nidhi Narsaria, C Mohanty, B K Das, S P Mishra, Rajniti Prasad (2012). Oxidative stress in children with severe malaria. J Trop Pediatr, 58(2), 147-...
	Narasimhamurthy K and Raina P L (2000) Long-term feeding effects of thermally oxidised oils on the absorption, storage and excretion of fat in rats. Eur Food Res Techno, 210, 402–406
	Narayana K., D’Souza U.J., Rao K.S., (2002). The genotoxic and cytotoxic effects of ribavirin in rat bone marrow. Mutat. Res. ,521 179-185
	Odia OJ, Ofori S, Maduka O (2015).  Palm oil and the heart: A review. World J Cardiol, 7(3), 144-9.
	Oboh G, Falade AO, Ademiluyi AO (2014). Effect of thermal oxidation on the physico-chemical properties, malondialdehyde and carotenoid contents of palm oil. RivItal delle Sostanze Grasse, (1), 59–65.
	Ong, A. S. H., Goh, S. H., & Choo, Y. M. (2020). Formation of polycyclic aromatic hydrocarbons in heated palm oil. Food and Chemical Toxicology, 138, 111-122.
	Owu, D. U., Antai, A. B., Udofia, K. H., Obembe, A. O., Obasi, K. O., & Eteng, M. U. (2005). Effects of chronic consumption of thermoxidized palm oil on lipid profile and weight gain in rats. Nigerian Journal of Physiological Sciences, 20(1-2), 9398.
	Oguntibeju, O. O., Esterhuyse, A. J., & Truter, E. J. (2009). The effect of different oil diets on lipid profile and body weight of rats. African Journal of Biotechnology, 8(19), 4683–4687
	Owu, D. U., Antai, A. B., Udofia, K. H., Obembe, A. O., Obasi, K. O., & Eteng, M. U. (2005). Vitamin E attenuates the oxidative stress induced by palm oil-based diet in rats. African Journal of Biochemistry Research, 1(2), 036–041.
	Poisson J, Lemoinne S, Boulanger C, Durand F, Moreau R, Valla D, Rautou PE. (2017) Liver sinusoidal endothelial cells: Physiology and role in liver diseases.  J Hepatol. 66(1):212-227.
	Pizzino, G., Irrera, N., Cucinotta, M., Pallio, G., Mannino, F., Arcoraci, V., … & Squadrito, F. (2017). Oxidative stress: Harms and benefits for human health.  Oxidative Medicine and Cellular Longevity
	R.  Perumalla Venkata and R.  Subramanyam (2016), “Evaluation of the deleterious health effects of consumption of repeatedly heat, 3 ,636-643
	Sun Y, Neelakantan N, Wu Y, Lote-Oke R, Pan A, van Dam RM (2015). Palm Oil Consumption Increases LDL Cholesterol Compared with Vegetable Oils Low in Saturated Fat in a Meta-Analysis of Clinical Trials. J Nutr, 145(7), 1549-58.
	Serjouie A, Tan CP, Mirhosseini H, Che Man Y (2010). Effect of vegetable-based oil blends on physicochemical properties of oils during deep-fat frying. Am J Food Tech, 5(5), 310–323.
	Soriguer F, Moreno F, Rojo-Martínez G, García-Fuentes E, Tinahones F, Gómez-Zumaquero JM, Cuesta-Muñoz AL, Cardona F and Morcillo S (2003). Monounsaturated n-9 fatty acids and adipocyte lipolysis in rats. Br J Nutr, 90(6), 101522.
	Shahidi, F., Zhong, Y., & Chandrasekara, A. (2012). Antioxidants and human health. Cereals And pulses: Nutraceutical properties and health Benefits, 273-308
	Sedlak TW, Saleh M, Higginson DS, Paul BD, Juluri KR, Snyder SH (2009). Bilirubin and glutathione have complementary anti Shastry CS, Ambalal PN, Himanshu J, Aswathanarayana BJ. (2011). Evaluation of effect of reused edible oils on vital organs of wis...
	Siddiq A, Ambreen G, Hussain K, Baig SG. (2019). Oxidative stress and lipid peroxidation with repeatedly heated mix vegetable oils in different doses in comparison with single time heated vegetable oils. Pakistan journal of pharmaceutical sciences, 32...
	S. P. Muharis, A. G. M. Top, D. Murugan, and M. R. Mustafa (2010). “Palmoiltocotrienol fractions restore endothelium dependent relaxation in aortic rings of streptozotocin-induced diabetic and spontaneously hypertensive rats,” Nutrition Research, 30, ...
	Syafruddin Ilyas (2018). The correlation of some of the heating of various palm oils to histologic and liver function of rats (Rattus norvegicus (Journal of Physics: Conference Series ,1116 (5), 052032
	Schmid W., (1976). The micronucleus test for cytogenetic analysis. Chem. Mutagens: Principles Methods Detection, 31- 31-53.
	Schenk, S., & Saberi, M. (2008). Regulation of insulin sensitivity and mitochondrial function by lipid metabolites. Journal of Clinical Investigation, 118 (7), 2992–3002. Shastry, C. S., Ambalal, P. N., Himanshu, J., & Aswathanarayana, B. J. (2011). E...
	Sundram, K., Sambanthamurthi, R., & Tan, Y. A. (2003). Palm fruit chemistry and nutrition. Asia Pacific Journal of Clinical Nutrition, 12(3), 355–362.
	Tan YA, Sambanthamurthi R, Sundram K, Wahid MB (2007).  Valorisation of palm by-products as functional components. Eur J Lipid Sci Technol ,109:380–393.
	Tanaka M and Miyajima (2016) A: Liver regeneration and fibrosis after inflammation. Inflamm Regen 36(19): 1- 6
	Taub R (2004). Liver regeneration: from myth to mechanism. Nat Rev Mol Cell Biol.5(10):836-47
	Tan, P. Y., Loganathan, R., & Teng, K. T. (2018). Oxidative changes in repeatedly heated vegetable oils. Journal of Oil Palm Research, 30(4), 635–641.
	Venkata, R. P., & Subramanyam, R. (2016). Evaluation of the deleterious health effects of consumption of repeatedly heated vegetable oil. Toxicology Reports, 3, 636–43
	Williams MJ, Sutherland WH, McCormick MP, de Jong SA, Walker RJ, Wilkins GT (1999). Impaired endothelial function following a meal rich in used cooking fat. J Am Coll Cardiol, 33(4), 1050-5.
	Acknowledgement
	First of all, we wish to offer our deep thanks to ALLAH for the support in every step which enabled us to overcome all the problems that faced us throughout the work. We would like to convey our special appreciation and thanks to Dr. Sally Ramadan Gab...
	Abbreviations
	Po: palm oil
	MDA: malondialdehyde
	SOD: superoxide dismutase
	CAT: catalase
	GPx: glutathione peroxidase
	المستخلص العربي
	زيت النخيل يُستخدم بشكل شائع في الطهي، إلا أن تسخينه المتكرر قد يؤدي إلى تغيرات كيميائية ضارة. تهدف هذه الدراسة إلى التحقيق في الآثار السلبية لكل من زيت النخيل الطازج والمُسخن على الإجهاد التأكسدي، والتغيرات النسيجية في الكبد، والتسمم الجيني باستخدام ...

	Oxidative_Stress_Responses_As_A_Marker_of_Toxicity_In_Mice, graduation project
	Abstract
	1. Introduction:
	Water is the foundation of life, playing a crucial role in various physiological and ecological processes. In animals, water is necessary for maintaining cellular homeostasis, metabolic functions, thermoregulation, and overall survival. At the cellula...
	Dehydration, on the other hand, can have severe consequences on animal health, including reproductive issues, endocrine disruptions and impaired kidney function. Water deprivation can also lead to oxidative stress, which can cause DNA damage, genetic ...
	The effects of dehydration on animal health are multifaceted. Impaired kidney function can lead to a decrease in renal blood flow and an increase in medullary interstitial osmolality, leading to kidney damage and potentially even kidney failure (Turne...
	Oxidative stress, which arises from an imbalance between the production of reactive oxygen species (ROS) and the capacity of antioxidant defenses, is a recognized key factor in inducing DNA damage. This damage includes base modifications, strand break...
	Cells have developed various antioxidant defenses to counteract the effects of oxidative stress. These defenses include enzymes such as superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx), which work to degrade ROS and prevent...
	The need for further research in this area is evident. Despite the importance of water in maintaining animal health, there is still much to be learned about the effects of dehydration and oxidative stress on animal health. Further research is needed t...
	This study aimed to investigate the toxic effects of water deprivation on kidney and bone marrow of mice. The investigation utilized oxidative stress marker analysis and histopathological analysis of the kidney to assess renal toxicity. Additionally, ...
	This study aimed to investigate the toxic effects of water deprivation on kidney and bone marrow of mice. The investigation utilized oxidative stress marker analysis and histopathological analysis of the kidney to assess renal toxicity. Water deficien...
	2. Theoretical Framework:
	Smith (2020) highlighted that global water usage trends are deeply entwined with sustainable development and economic advancement, emphasizing the need for adaptive planning. Hanasaki et al. (2012) linked water scarcity with broader environmental stre...
	Mekonnen et al. (2020) demonstrated a correlation between water shortages and violent conflicts, a link echoed by Ward & Ruckstuhl (2020), who noted the strategic targeting of water infrastructure in conflict zones. Zhang et al. (2021) stressed that i...
	Dehydration compromises essential physiological functions. Smith et al. (2020) found it disrupts cellular metabolism, while Williams & Clark (2018) associated chronic water deficiency with kidney and liver dysfunction. Gomez & Lee (2019) and Zhang et ...
	Gottlieb et al. (2006) identified water deprivation as a state activating the renin-angiotensin system, while Shen et al. (2007) and Levey et al. (1986) observed hematological changes including reduced erythropoiesis under deprivation. These changes m...
	Singh et al. (2023) linked oxidative stress to premature erythrocyte damage, a central mechanism in anemia. Al-Farsi et al. (2022) and Vaziri et al. (2019) found that iron overload in renal dysfunction is exacerbated by oxidative stress and impaired h...
	Faraco et al. (2014) and Halliwell & Gutteridge (2015) demonstrated that water deprivation increases oxidative load in neural and systemic tissues. Podkowińska & Formanowicz (2020) showed its role in vascular and renal dysfunction, contributing to chr...
	Oxidative stress also affects DNA integrity. Kryston et al. (2011) and Marnett (2000) explained that prolonged ROS exposure damages DNA, resulting in genomic instability and carcinogenesis. Petersen et al. (1998), Halliwell et al. (1991), and Grollman...
	Telomeric DNA, particularly vulnerable due to its guanine richness, is significantly affected by oxidative stress (Von Zglinicki et al., 2000; Opresko et al., 2005). These alterations disrupt telomerase activity and compromise genome maintenance (Coun...
	Micronuclei (MN), nucleoplasmic bridges (NPBs), and nuclear buds (NBUDs) represent visible biomarkers of genotoxic events, linked to chromosomal breakage or missegregation (Fenech & Crott, 2002; Shimizu et al., 2000). Studies by Krishna & Hayashi (200...
	Bonassi et al. (2007) and Samanta & Dey (2012) highlighted the clinical relevance of micronucleus frequency as a predictor of cancer risk. Krishna & Hayashi (2000) further explained the mechanisms behind micronucleus formation and how immunological ma...
	3. Materials and Methods:
	3.1. Animals:
	Male CD-1 albino mice (Mus musculus), aged between 6 and 8 weeks and weighing around 25±5g, were sourced from Theodore Billiharz institute for research in Cairo. In this study, we used 40 mice, housed them in cages in our laboratory, and allowed them ...
	3.2. Animal Housing and Maintenance:
	Animals were accommodated in acrylic cages, maintained under controlled laboratory conditions, and photoperiod (12:12 light-dark cycle). Prior to experimentation, animals underwent a one-week acclimation period. A standard rodent pellet diet and water...
	3.3. Experimental design:
	40 mature male albino mice of nearly at the same age were individually weighed and randomly assigned to 4 group as the following: Group 1 (Control group): Members of this group received ad libitum water. Group 2 (Timed group): Members of this group re...
	3.4. Body Weight Measurements
	Each mouse’s body weight was weighed using a digital scale at the beginning of the experiment, after one week of treatment and on the day of sacriﬁcing.
	3.5. Oxidative Stress Markers Analysis:
	CAT test: Kidney were obtained and promptly fixed in formalin to ensure stabilization. Subsequently, the samples were processed and homogenized. The activity of catalase (CAT) was assessed spectrophotometrically by tracking the rate of hydrogen peroxi...
	SOD test: The nitroblue tetrazolium (NBT) reduction assay is a widely used method to measure superoxide dismutase (SOD) activity by assessing the enzyme's ability to inhibit NBT reduction by superoxide radicals. Key reagents include phosphate buffer w...
	GPX test: Glutathione Peroxidase (GPX) is an essential antioxidant enzyme that protects cells by reducing hydrogen peroxide and lipid peroxides to harmless products, using reduced glutathione (GSH), which is converted into glutathione disulfide (GSSG).
	Measuring GPX activity is useful for assessing oxidative stress. Two widely used methods include:
	Rotruck et al. (1973): In this method, a biological sample is mixed with GSH and hydrogen peroxide. GPX catalyzes the reaction, and the remaining GSH is measured using Ellman’s reagent, producing a yellow color read at 412 nm.
	Kokatnur & Jelling (1993): This method adds glutathione reductase and NADPH to recycle GSSG back to GSH, allowing continuous measurement. NADPH consumption is monitored, as it correlates directly with GPX activity.
	Both methods reflect how effectively the body can neutralize oxidative threats. While sensitive and informative, they require fresh, properly handled samples and can be affected by interfering substances.
	3.6. Histopathological Analysis
	Each group's kidney specimens were removed, fixed in 10% formalin, washed in 70% alcohol, dried with decreasing alcohol concentrations, embedded in paraffin, sectioned using a microtome at a 5 μm thickness, and stained with the following dyes: 1. For ...
	3.7. Micronucleus Test:
	In this study, we followed Schmid’s standard micronucleus test procedure (Schmid, 1976) with a slight modification. Instead of using fetal calf serum, we used 5% bovine albumin (obtained from the National Research Center, Giza, Egypt) as the suspendin...
	1. At the end of the experiment, the mice were sacrificed, and their femurs were removed. The ends of the bones were trimmed, and a blunt needle was inserted to access the bone marrow.
	2.  The bone marrow was flushed out using a syringe filled with 5% bovine albumin to create a fine suspension. This suspension was then centrifuged at 1000 rpm for 8 to 10 minutes. After centrifugation, the liquid supernatant was discarded, and a smal...
	3. A small drop of the bone marrow suspension was placed on a slide, and a smear was made (3–4 slides per animal). The slides were air-dried overnight, then fixed in methanol for 5 minutes. After drying, they were stained first with May-Grunwald stain...
	4. The slides were then stained with Giemsa stain and a buffer solution (pH 6.8) to highlight micronuclei. After washing with distilled water and buffer, the slides were dried and mounted for analysis.
	5. For each animal, 2000 polychromatic erythrocytes (PCEs) were examined under a microscope, and the number of micronucleated PCEs (MNPCEs) was recorded. Normochromatic erythrocytes (NCEs) were also counted, and the percentage of MNPCEs and the PCE/NC...
	3.8 Data Analysis:
	Statistical analysis was performed using SPSS software (version 16.0) on a personal computer. Data are presented as mean ± standard deviation. To determine significant differences between groups, independent samples T-tests were conducted. A p-value <...
	4. Results
	4.1 Body Weight
	The body weight of the albino rats during the study was significantly different between the groups. The highest increase in body weight was observed in Group 3, while the lowest final body weight was recorded in Group 4, being approximately 26.03% an...
	Figure 1. Percentages of changes between nitial and final body weights in the control and treated groups.
	The activities of oxidative stress enzymes in kidneys of albino mice Mus Musculus in the control and treated groups, values expressed as (mean ± SD). Their activity expressed as unit U mg-1 protein. (n=3 animals for each four groups). SOD=Superoxide ...
	The treated groups (Group 2, Group 3, and Group 4) showed a marked decrease (p<0.05) in the activity of antioxidant enzymes
	compared to the control group (Group 1). Specifically, the catalase (CAT) activity decreased significantly in Group 2 (3.3433 ± 0.09504), Group 3 (2.9767 ± 0.12220), and Group 4 (2.0700 ± 0.09539) when compared to Group 1 (4.6733 ± 0.14048). Similarly...
	Table 1: represents the mean and standard deviation of micronucleated polychromatic erythrocytes (MNPCEs) and PCEs/NCEs ratio in 6000 polychromatic erythrocytes (PCEs) and corresponding normochromatic erythrocytes (NCEs) scored in the bone marrow of t...
	* Significant (P < 0.05)
	* Highly significant (P < 0.001)
	Figure 8: Bone marrow smears of Mus musculus showing polychromatic erythrocytes (PCE), normochromatic erythrocytes (NCE), and micronucleated polychromatic erythrocytes (MnPCE). (a) Control group, (b) Group 2, (c) Group 3, (d) Group 4. The scale bar is...
	5. Discussion
	6. Conclusion
	This study demonstrates that water deprivation has significant toxicological effects on mice, particularly targeting the kidney and bone marrow. The findings revealed that limited water intake induces oxidative stress, leading to measurable biochemica...
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	يُعدّ الماء عنصرًا أساسيًا لاستمرار الحياة، ويمكن أن يؤدي الحرمان منه إلى عواقب صحية وخيمة على الإنسان. ومع تفاقم أزمة ندرة المياه على مستوى العالم، والتي تؤثر على ملايين الأشخاص، تبرز الحاجة الشديدة إلى فهم التأثيرات السُمّية للحرمان من الماء على الأ...
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	المستخلص
	1. المقدمة
	يُعنى علم الأحياء كأحد فروع العلوم، بالكائنات الحية وعملياتها الحيوية. ويشمل هذا العلم العديد من المجالات المتنوعة، مثل علم النبات وعلم الحيوان. و هناك العديد من الفروع التي يشملها علم الحيوان ، مثل علم الأحياء الدقيقة، وعلم الأحياء الجزيئي، وعلم وظائ...
	تُهتم دراسة التكيف في علم الأحياء بكيفية تفضيل الانتقاء الطبيعي لبعض السمات، مما يُمكّن الأنواع من الازدهار في ظل ضغوط بيئية متنوعة. و يزيد من فهم استجابة الكائنات الحية لتغيرات المناخ ( Fairbairn ،1998 ، (503–504 .
	أوضحت دراسة Tindan) ، 2024، 36-29) أن كثرة المصطلحات العلمية المعقدة في مادة الأحياء في المدارس الثانوية العليا بغانا قد أعاقت عملية الفهم. ومن خلال آراء 157 طالبًا، ظهرت مطالب ملحّة بضرورة دمج تجارب عملية أكثر خلال الدروس، إلى جانب الاعتماد على وسائل...
	يُستخدم مصطلح "صعوبات التعلم" في السياقات التعليمية لوصف الأطفال الذين يعانون من صعوبات في التعلم.. قد تكون لصعوبات التعلم أسباب داخلية، بما في ذلك اختلافات في النمو العصبي، أو ضعف حسّي، أو مشاكل سلوكية، أو مشاكل نفسية، أو أسباب خارجية، مثل التفاعلات ...
	تُشير "صعوبات التعلم" إلى اضطرابات عصبية تؤثر على قدرة الفرد في اكتساب أو استخدام مهارات معينة مثل القراءة أو الكتابة أو الحساب، على الرغم من امتلاكه لقدرات عقلية طبيعية أو فوق المتوسطة، وهي غالبًا دائمة وتتطلب استراتيجيات تدريسية خاصة .أما معوقات الت...
	تسعى هذه الدراسة إلى تحديد التحديات التي يواجها الطلاب في محاولتهم فهم التكيفات الهيكلية للأنواع في البيئات المائية من خلال تحليل محتوى كتاب العلوم المتكاملة للصف الأول الثانوي، كما تهدف إلى تقييم فهم الطلاب للدرس، والتأكد من وجود ضرورة إلى تغيير محتو...
	2.  الإطار النظري
	أظهرت العديد من الدراسات بعض التحديات التي يواجهها الطلاب في تعلمهم، ومنها: دراسة بعنوان -Active Learning Not Associated with Student Learning in a Random Sample of College Biology Courses وضحت هذه الدراسة العلاقة بين استخدام أساليب التعلم النشط وفهم ...
	-Effect of Area on Learning Difficulties in Biology Subject، تهدف هذه الدراسة إلى مقارنة تحديات تعلم الأحياء بين تلاميذ المناطق الريفية والحضرية في المدارس الثانوية بمنطقة غانديناغار. حيث جُمعت البيانات من عينة عشوائية قوامها 1200 طالب، و اختير 600 من...
	-Exploring students’ perceived difficulties of learning biology ركزت هذه الدراسة على الصعوبات لدى طلاب المرحلة الثانوية العليا في تعلم علم الأحياء. وقد تم فحص ثلاثة عوامل، منها تلك التي يتحكم فيها المعلم (على سبيل المثال، اهتمام المعلم بنجاح الطلاب وت...
	-Analysis of student difficulties in learning biology. وضحت هذه الدراسة الصعوبات التي يواجهها الطلاب في تعلم علم الأحياء. وأبرزت النتائج أنه توجد نسبة كبيرة من الطلاب الذين يعانون من صعوبات تعلم في الأحياء. وذلك نتيجة عوامل داخلية مثل الضغط النفسي الن...
	-Development and validation of modules in zoology. ركزت هذه الدراسة على إنشاء واعتماد وحدات تعليمية في علم الحيوان تهدف إلى تعزيز التعلم وتطوير المعرفة العلمية للطلاب حيث شارك فيها 111 طالبًا. وقد تم إنشاء وحدتين تعليميتين، إحداهما عن اللافقاريات الما...
	-Challenges encountered by junior high school students in learning science: Basis for action planبحثت هذه الدراسة عن الصعوبات التي يواجهها طلاب المرحلة الإعدادية في تعلم العلوم ،و استُخدمت عينة من طلاب أربع مدارس حكومية في زامباليس، الفلبين. وقد أوضحت...
	.
	3. منهجية البحث والأدوات المستخدمة
	يعتمد هذا البحث على المنهج الوصفي بهدف تحليل صعوبات تعلم طلاب المرحلة الثانوية في فهم التكيفات التركيبية للكائنات الحية في البيئة المائية. و قد تم تصميم الأدوات واختيار العينة وفقًا للإجراءات التالية: تم استخدام المنهج الوصفي لوصف الظاهرة وتحليلها دون...
	يُعد ارتفاع نسبة الغياب بين الطلاب في العديد من أيام الأسبوع من أبرز الصعوبات التي واجهت تطبيق الدراسة ميدانيًا، حيث أثّر ذلك سلبًا على انتظام سير تنفيذ أدوات البحث وجمع البيانات بالشكل المخطط له. إلا أنه تم التغلب على هذه الصعوبة من خلال المتابعة الم...
	4. نتائج البحث
	أظهرت نتائج الاختبار التحصيلي بناءً على عدد الإجابات الصحيحة والخاطئة لكل سؤال عدة ملاحظات هامة. بالنسبة للسؤال الأول، كانت الإجابات الصحيحة بنسبة 87%، بينما كانت الإجابات الخاطئة بنسبة 13%. أما في السؤال الثاني، فقد كانت الإجابات الصحيحة بنسبة 43% وا...
	عند النظر إلى السؤال الخامس، تبين أن الإجابات الصحيحة كانت قليلة بنسبة 17% مقابل 83% للإجابات الخاطئة. في المقابل، حصل السؤال السادس على نتائج جيدة حيث كانت الإجابات الصحيحة 83% والإجابات الخاطئة 17%. أما في السؤال السابع، فكانت النتائج متقاربة مع نسب...
	في السؤال الثامن، أظهرت الإجابات الصحيحة نسبة 32% فقط مقابل 68% للإجابات الخاطئة. أما السؤال التاسع فقد شهد نتائج جيدة أخرى، حيث كانت الإجابات الصحيحة 83% والإجابات الخاطئة 17%. في السؤال العاشر، كانت الإجابات الصحيحة 57% مقابل 43% للإجابات الخاطئة.
	وفي السؤال الحادي عشر، كانت الإجابات الصحيحة بنسبة 85% والإجابات الخاطئة 15%. في السؤال الثاني عشر، كانت الإجابات الصحيحة 51% والإجابات الخاطئة 49%. أما في السؤال الثالث عشر، فكانت الإجابات الصحيحة 83% مقابل 17% للإجابات الخاطئة. أما السؤال الرابع عشر...
	أظهرت نتائج الاستبانة ما يلي: السؤال الأول: موافق بشدة: 36 (76.6%)، موافق: 9 (19.1%)، محايد: 2 (4.3%)، غير موافق: 0 (0%)، غير موافق بشدة: 0 (0%). السؤال الثاني: موافق بشدة: 12 (25.5%)، موافق: 29 (61.7%)، محايد: 4 (8.5%)، غير موافق: 2 (4.3%)، غير موافق...
	جدول (1) : استجابة الطلاب للاختبار التحصيلي لكل سؤال من موضوع التكيفات التركيبية للكائنات الحية في البيئة المائية
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