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Abstract 
Background: Aluminium (Al) is the third abundant element on earth, and it is globally considered as a 
hidden killer because it is responsible for varied cases of toxicity, health disorders and cancers. Prolonged 
exposure to Al resulted in its accumulation in many organs, especially the liver inducing different 
deleterious effects. As a dietary supplement, royal jelly (RJ) is gathered and marketed with the promise of 
several health benefits due to its compounds Objectives: The current study was performed to explore the 
probable impact of RJ on AlCl3-induced hepatotoxicity in rats. Methods: Twenty adult rats were equally 
divided into four groups; control group, RJ-treated group, AlCl3-treated group, and RJ+AlCl3-treated 
group which were treated for 15 days. Results: Myriad histopathological changes were revealed in the 
liver tissues of AlCl3-treated rats including destruction of the regular hepatic structure represented by 
damaged cells possessing vacuolated cytoplasm and altered shaped nuclei which displayed signs of pyknosis, 
karyorrhexis or karyolysis. Besides, dilatation and congestion of blood vessels. On the other side, a 
discernible enhancement of the hepatic tissues' histological architecture was revealed in rats concomitantly 
treated with RJ and AlCl3. Conclusion: Based on its anti-inflammatory, anti-apoptotic, and antioxidant 
qualities, the current investigation demonstrated that RJ has a protective effect against liver toxicity caused 
by AlCl3. 
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1. Introduction     

In recent decades, there has been a growing global 
concern regarding the public health consequences 
associated with environmental pollution. The 
industrial revolution marked the inception of the 
environmental pollution we recognize today. 
Populations in developing nations are especially 
susceptible to the harmful effects of toxic pollution 
stemming from industrial activities. Recently, 
advancements in technology have led to increased 
exposure to various compounds with a wide range 
of effects (Özkara et al., 2016; Özkara and Akyil, 
2018). From a worldwide standpoint, soil, water, 
and air represent the three fundamental elements of 
the human environment, and any contaminant that 
affect these components is classified as 
environmental pollution and warrant attention 
(Saremi, 2020). 
 
Heavy metal pollution represents a significant 
challenge in numerous countries worldwide 
(Özkara and Akyil, 2018). The potential toxicity of 
trace metals to individuals and the environment 
makes its pollution crucial (Censi et al., 2006; 
Özkara and Akyil, 2018). This type of pollution not 
only diminishes the quality of air, agricultural 
products, and aquatic ecosystems but also poses a 
threat to health and permeates the food chain, 
affecting both animals and humans (Wang et al., 
2001; Nabulo et al., 2010; Li et al., 2014; Özkara 
and Akyil, 2018). Heavy metals can be health risks 
through direct exposure such as inhaling 
contaminated dust or consuming tainted water, as 
well as indirectly through the ingestion of crops 
cultivated in polluted soils (Zhang et al., 2014; 
Özkara and Akyil, 2018). These toxic substances 
accumulate in essential organs, including the liver 

and the kidney, leading to detrimental effects on 
both domestic and wild animal populations (Abou-
Arab, 2001; Ahmed, 2007; Liu et al., 2016; Özkara 
and Akyil, 2018). 
 
Aluminium (Al) ranks as the third most prevalent 
metal in the crust of Earth, constituting roughly 8% 
of its total mineral content (Verstraeten et al., 
2008). It is commonly found in various natural and 
industrial sources. While Al is relatively inert in its 
elemental form, it can become toxic when present 
in soluble or bioavailable forms. Human exposure 
to Al compounds has increased over the years, 
primarily due to its presence in a wide range of 
products, such as food additives, drinking water, 
antacids, toothpaste and cookware (Abbasali et al., 
2005).  
 
2. The Theoretical Framework  
 
The third most common metal on Earth is Al, a 
well-known chemical element (Willhite et al., 
2012). Due to its widespread availability in items 
including cookware, drinking water, and food 
additives, human exposure to Al compounds has 
increased over time. Al compounds are consumed 
through food and drink, and they are frequently 
added to processed foods as food additives to 
enhance their texture and appearance. According to 
Yokel et al. (2008) and Gura (2010), these 
substances are present in cake mixes, baking 
powder, self-rising flour, colouring agents, 
preservatives, and certain processed cheeses.  
 
Numerous commonly used medications, such as 
vaccines, phosphate binders, hemodialysate, 
buffered aspirin, injectable allergies, antacids, and 
anti-ulcer medications like sucralfate, fillers, and 
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emulsifiers, include Al. Because Al is used so 
extensively in both consumable and non-
consumable items, it is inevitable that the human 
body will suffer Al infiltration and deposition 
(Bohrer et al., 2007; Shaw and Tomljenovic, 2013; 
Racine, 2022). 

Al can enter the body through the respiratory 
system, the gastrointestinal system, or through 
healthy skin (Kumar and Gill, 2009; Al-Kahtani, 
2010). A lower amount of Al is absorbed through 
the skin, especially from antiperspirants, but the 
majority of Al that go through the human body are 
from water and food. Small amounts of this metal 
are also consumed every day as a result of the 
extensive usage of Al cookware (Mahor and Ali, 
2018). 

Al is known as the "hidden killer" due to its 
numerous toxicological cases, health issues like 
hepatotoxicity and neurotoxicity, and possible 
connections to diseases like Alzheimer's and cancer 
all around the world (Dart, 2004; Walton, 2013, 
Kumar et al., 2015). Flatulence, spleen discomfort, 
stomach pain, colitis, kidney failure, constipation, 
migraines, anemia, and liver damage are all 
common side effects of Al exposure (Gibbs et al., 
2007).  

Long-term exposure to Al results in tissue damage, 
metabolic changes, and buildup of the metal in 
several organs, particularly the liver (Abreo et al., 
2004). Various Al compounds have the ability to 
stimulate macrophage activity, which in turn 
triggers inflammatory processes. Al compounds, 
such as aluminium chloride (AlCl3), are widely 
available in pharmacies and commercial markets 

(Leikin and Paloucek, 2002). When AlCl3 is 
administered continuously, the blood's quantity of 
Al, a deadly protoplasmic toxin, frequently rises 
(Xu et al., 2017). 

According to studies, AlCl3 can enter organ tissues, 
such as the liver, and cause various disorders that 
affect the liver's metabolic states and detoxification 
capabilities. This can lead to reactive oxygen species 
(ROS) and oxidative stress in the liver, and an 
increase in hepatic enzymes may deteriorate the 
liver cells that are in charge of the body's xenobiotic 
metabolism and detoxication (Ugbaja et al., 2015; 
Younes et al., 2018; Taher et al., 2022, Kadhim et 
al., 2024). 

Significant changes in oxidative stress indicators and 
antioxidant enzyme activity were seen in the 
offspring after exposure to AlCl3 (Kinawy, 2019). 
These ROS which are produced by prolonged 
exposure to AlCl₃, lead to lipid peroxidation, 
oxidative damage to DNA and proteins, besides a 
reduction in intracellular antioxidants (Arhoghro et 
al., 2022). 

Royal jelly (RJ) a milky white and extremely 
viscous fluid secretion is released from the 
mandibular and hypopharyngeal glands of worker 
honeybees (Apis mellifera) and it is utilized to 
nourish both the larvae and adult queens (Tamura 
et al., 2009; Ramadan and Al-Ghamdi, 2012), It 
contains proteins, fatty acids, sugars, minerals, 
vitamins, and free amino acids, among other vital 
substances with biological activity (Nakajima et al., 
2009, Yang et al., 2012). 
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 As a dietary supplement, RJ is gathered and 
marketed with the promise of several health 
benefits due to its compounds, like B-complex 
vitamins such as pantothenic acid (vitamin B5) and 
vitamin B6 (pyridoxine) (Erem et al., 2006). In 
experimental animals, RJ has been shown to have   
a number of physiological activities, such as 
antimicrobial (Chan et al., 2009), vasodilative and 
hypotensive activities (Takaki-Doi et al., 2009), 
antioxidant (Nakajima et al., 2009), immune-
modulatory (Simsek et al., 2009), and free radical 
scavenging (Cemek et al., 2010; Silici et al., 2010) 
impacts. 

The current investigation was carried out to 
evaluate the possible preventive impacts of RJ on 
AlCl3-induced hepatotoxicity in adult rats. 
 
3. Methods of Research and the tools 
used 

 
3.1. Pharmacological Materials 
Crystalline salts of AlCl3 were purchased from 
SRL-INDIA, B09T6W5L8H, 99.5% purity. Pure 
RJ was purchased from Faculty of Agriculture, 
Cairo University, Egypt. Additionally, every other 
chemical and reagent used in this investigation was 
of the highest purity and analytical grade. 

3.2. Experimental Animals 

Twenty adult male rats (Rattus norvegicus), each 
weighing between 150 and 180 g and of the same 
age (12–16 weeks), were purchased from the animal 
house at Theodor Bilharz Research Institute in El-
Giza, Egypt. They were housed in transparent 
plastic cages with wood shavings as bedding, kept at 

a temperature of 25 °C, a relative humidity of 
55.5%, and a 12-h light/dark cycle. The animals 
had free access to tap water and standard laboratory 
rodent diet. A period of one week was given to the 
rats so they could get adopted to their new 
environment. The animal experiment was carried 
out in compliance with regulations approved by the 
local Institutional Animal Ethics Committee at Ain 
Shams University. 

3.3. Animal Housing and Treatment 

The rats were randomly allocated into four groups, 
consisting of five individuals in each group, as 
indicated below: 

Control group: The rats were kept in ordinary 
laboratory environments and were allowed with 
free access to water for the duration of the 
experiment. 

RJ-treated group: RJ was administered orally to the 
rats once daily for 15 successive days at a dose of 
150 mg/kg b.wt. diluted in saline solution (Inoue et 
al., 2008). 

AlCl3-treated group: The rats received daily 
intraperitoneal (i.p.) injections of 100 mg/kg b.wt. 
of AlCl3 suspended in 1 mL of distilled water for 15 
consecutive days (Mathiyazahan et al., 2015; 
Olajide et al., 2017; Aboelwafa et al., 2020). 

RJ+AlCl3-treated group: In the same way as before, 
the rats received RJ orally in conjunction with an 
i.p. injection of AlCl3.  
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3.4. Collection of sera and liver function 
biomarkers 

Following an overnight fast at the completion of 
the designed experiment, the rats were sacrificed to 
collect blood samples, which were then centrifuged 
for 10 min at 5000 rpm to extract sera. The 
activities of aspartate transaminase (AST), alanine 
transaminase (ALT) and alkaline phosphatase (ALP) 
were estimated by analysing serum samples. AST, 
ALT, and ALP activity measurements were 
performed using methods that Tietz (1976) had 
previously outlined. 

3.5. Histological Preparations 

In accordance with Bancroft and Gamble's (2002) 
standard procedures for paraffin sectioning, small 
liver samples from each experimental rat were 
promptly preserved in Bouin's fixative for 24 hours. 
Following conventional procedures, 4 µm slices of 
hepatic tissue were dehydrated using increasing 
ethyl alcohol concentrations, cleaned in xylene, 
stained with hematoxylin-eosin (H&E) stain, and 
then mounted in DPX. Finally, the stained sections 
were examined by a light microscope, and 
photomicrographs were taken as necessary. 

3.6. Statistical analysis 

The SPSS/17.0 program was utilized to assess the 
statistical significance of the results, which were 
presented as mean ± S.E.M. of 5 rats per group. 
When P < 0.05, values were deemed statistically 
significant. 
 

4. Results of Research  
4.1. Liver function biomarkers 
Table (1) shows that, in comparison to the control 
group, the i.p. injection of AlCl3 for 15 days 
resulted in a substantial elevation (P < 0.05) in the 
activities of AST, ALT, and ALP, with percentages 
of change of 165.39%, 542.91%, and 105.19%, 
respectively. However, the disruptions in the 
measured parameters that followed treatment with 
AlCl3 alone were much reduced when RJ and 
AlCl3 were administered concurrently. RJ 
treatment alone had no effect as compared to the 
control group on these indices' values. 
 
 

Table 1. Liver function biomarkers: Aspartate 
Aminotransferase (AST), Alanine 
Aminotransferase (ALT), and Alkaline 
Phosphatase (ALP) in sera of experimental rats 
from all groups. 
 

 

4.2. Histological results 

The histological anatomy of the livers taken from 
control rats showed normal centrilobular and 
periportal zones (Figs. 1A and 2A). The liver is 
made up of hepatic lobules, and as shown in Figure 
(1A), the central vein is located in the middle of 

Parameter 

Experimental Groups 

Control Royal jelly 
Aluminium 

chloride 

Royal jelly 

+ Aluminium 

chloride 

AST (U/L) 40.54 ± 1.50a 43.07 ± 1.68a 90.59 ± 1.79b 50.25± 1.98a 

ALT (U/L) 25.65 ± 0. 80a 27.49 ± 0.85a 98.08 ± 1.52b 34.80 ± 0.95a 

ALP (U/L) 100.08±3.02a 105.31±3.09a 142.37±4.69b 114.61±3.68c 

Values for each group are given as mean ± S.E.M. for five rats. 

At a significance level of 5% (P < 0.05), means in each row that 

have different superscript letters differ significantly. Aspartate 

Transaminase (AST), Alanine Transaminase (ALT), and 

Alkaline Phosphatase (ALK). 
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each lobule. It is encircled by strands of hepatocytes 
and bordered with intact endothelial cells. The 
portal triads, which are branches of three crucial 
structures; the portal veins, portal arteries, and bile 
ductules are located at the apices of each hepatic 
lobule, as shown in Figure (2A). Kupffer cells and 
endothelial cells line the small blood sinusoids that 
separate the hepatocytes (Figs. 1A & 2A). As can be 
clearly observed in Figures (1B and 2B), the liver 
sections taken from rats which were orally given RJ 
displayed intact histological structure for both the 
centrilobular (1B) and periportal (2B) areas, similar 
to those of the control rat group. 
 
On the other hand, as shown in Figures (1C, 1D, 
2C & 2D), liver slices from rats treated with AlCl3 
showed significant histological changes. The 
majority of the hepatocytes seemed damaged, and 
the normally ordered lobules lost their characteristic 
form. These injured cells showed signs of cellular 
death, represented as altered shaped nuclei with  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

pyknosis, karyorrhexis or karyolysis with vacuolated 
cytoplasm. The central veins, portal veins, and 
portal arteries seemed to be significantly enlarged 
and engorged with haemorrhagic blood clots. The 
regions around these vessels were shown to be 
invaded by inflammatory cells. In several areas, the 
endothelia of these destructed blood vessels seemed 
to be ruptured. Even the blood sinusoids were 
destroyed; they were coated with larger Kupffer 
cells that separated from the sinusoidal walls and 
were clogged with stagnant blood. 
 
Apart from that, most of the hepatocytes and blood 
sinusoids seemed regular in the histological 
structure of the hepatic tissues from the 
centrilobular (Fig. 1E) and periportal (Fig. 2E) 
zones in rats treated with RJ alongside AlCl3. 
Furthermore, blood vessels such as the central 
veins, hepatic portal arteries, and portal veins 
showed signs of returning to their normal structure. 
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Figure (1). Hematoxylin and eosin (H&E)-stained light microscopic images (A-E) of the experimental rats' 
centrilobular zones of liver tissues reveal (A) regular hepatic tissue with a rounded central vein (CV) 
surrounded by cords of intact hepatocytes (HC), which are separated by thin blood sinusoids (BS) lined with 
regular Kupffer (KC) and endothelial (EC) cells of control rats; (B) intact hepatic tissues of RJ-treated group 
similar to the control group; (C&D) damaged central veins (CV) appeared swollen and filled with 
haemorrhagic blood masses (HB), deformed hepatocytes with malformed nuclei that were pyknotic (Pk), 
karyorrhexed (Kh), or karyolysed (Kl) with vacuolated cytoplasm (V). Besides, rounded and enlarged 
Kupffer cells (KC) appeared lining the deteriorated blood sinusoids (BS) that being congested with stagnant 
blood (asterisk) separating the injured hepatocytes of hepatic tissues from rats given AlCl3; (E) a discernible 
enhancement in the histological architecture of the hepatic tissues' centrilobular areas in rats treated with RJ 
+ AlCl3 

Figure (2). Hematoxylin and eosin (H&E)-stained light microscopic images (A-E) of the experimental 
rats' periportal zones of liver tissues reveal (A) well-organized hepatic portal vein (PV), hepatic portal 
artery (PA), and bile ductule (BD) appeared surrounded with intact hepatocytes (HC) which are split by 
thin blood sinusoids (BS) lined with regular Kupffer (KC) and endothelial (EC) cells in control rats; (B) 
intact hepatic tissues of RJ-treated group like those of the control group; (C&D) destructed portal veins 
(PV) and portal arteries (PA) which appeared enlarged and congested with haemorrhagic blood (HB), 
with increased inflammatory cells (IC). Additionally, damaged hepatocytes with pyknotic (Pk), 
karyorrhectic (Kh), or karyolitic (Kl) nuclei were seen in AlCl3-treated rats; (E) an enhancement in the 
periportal region was observed in concomitant treatment of both RJ and AlCl3. Some inflammatory cells 
(IC) were seen. 
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5. Interpretation of Results 

In the planet's crust, Al is one of the most common 
mineral elements. It is found in trace amounts in 
water (Abero et al., 2004). It is used in many 
different aspects of our daily lives, such as cooking 
utensils, jugs, and canned juices or soft drinks. It 
also has good thermal properties and is used in 
purifying and treating contaminated water. Al metal 
is absorbed by the human body through the 
digestive tract, through food cooked in Al pots, the 
use of metal-containing medications, and drinking 
Al-containing water, and through the nose, where 
Al is present in relatively small amounts in the air, 
particularly in polluted areas (Leikin and Paloucek, 
2002). The persistence of Al in the organism and its 
propensity to build up in vital tissues and organs 
have been the subject of numerous investigations 
(Gonzalez et al., 2009; Mailloux et al., 2011; 
Ighodaro et al., 2012). According to Abreo et al. 
(2004) and Yu et al. (2017), the liver is the primary 
organ that deposits Al during the first weeks of 
exposure, which emphasizes how rapidly this organ 
may sequester Al. 

The liver is a remarkable organ that performs 
several functions, including secreting bile, breaking 
down bilirubin, breaking down proteins, fats, and 
carbohydrates, detoxifying all metabolic agents, and 
storing vitamins and minerals. Additionally, the 
liver employs Kupffer cells to filter portal blood, 
phagocytose, and remove hemolysis products 
(Ozougwu, 2017). 
 
Al is known to be a hepatotoxic material; exposure 
to Al causes oxidative stress and interferes with 
mitochondrial energy metabolism, which results in 
elevated liver enzymes (AST, ALT, and ALP) as 

well as liver histopathological lesions. Additionally, 
ROS accumulation and lowered superoxide 
dismutase activity in mitochondria are also factors 
that contribute to liver dysfunction (Krewski et al., 
2007; Taher et al., 2022; Kadhim et al., 2024). The 
current results are in accordance with the results of 
previously reported studies where there was a 
significant alteration (P < 0.05) of AST, ALT and 
ALP, as well as histopathological changes among all 
case group when compared to the control group. 

According to the current study, the applied dose of 
AlCl3 markedly raised serum levels of AST, ALT, 
and ALP, the most telling indicators of hepatocyte 
structural deterioration because these enzymes are 
found in the cytoplasm and are released into the 
bloodstream as a result of cellular leakage and the 
loss of functional membrane integrity (Chaung et 
al., 2003). Enormous centrilobular necrosis, fatty 
degeneration, and cellular infiltration of the liver 
have all been linked to the release of significant 
amounts of serum enzymes into the bloodstream 
(Huang et al., 2012). 

The findings of this study declared that the AlCl3-

intoxication resulted in a variety of 
histopathological changes that were indicative of its 
hepatotoxic influence on the liver of treated rats. 
These changes included hepatocellular 
degeneration, hepatocytic necrosis, deteriorated 
blood sinusoids and their lining Kupffer cells, 
dilatation/congestion of blood vessels and 
inflammatory cellular infiltration. Cytoplasmic 
vacuolation was a noticeable change in damaged 
hepatocytes, which is believed to be a sign of 
cellular necrosis that was reported in various 
mammalian cells post exposure to different toxins 
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and medications (Aboelwafa and Yousef, 2015; 
Hassan et al., 2021; Yousef et al., 2022, Aboelwafa 
et al., 2022).  

 
The results of this investigation showed that 
vascular congestion and extravasation were almost 
always present in the liver tissues of rats given 
AlCl3. Some of these blood vessels had distorted 
shapes because of the surrounding fibrosis. 
Hepatocyte damage to the sinusoidal endothelial 
tissue lining has also been reported to cause 
sinusoidal dilatation (Oligny and Lough, 1992). 
Additionally, Kupffer cell swelling and prominence 
were among the most prominent manifestations of 
AlCl3 poisoning. The possible role of Kupffer cells 
in the defence mechanism versus detoxification of 
AlCl3-induced hepatic oxidative stress is linked to 
these lesions, owing to that Kupffer cells are the first 
cells that exposed to the hazardous substances 
passing through the portal vein into the liver 
(Neyrinck, 2004). 

Supplementation with RJ reduced AlCl3-induced 
hepatotoxicity, as seen by a notable drop in AST, 
ALT, and ALP levels., revealing the preservation of 
the functional integrity of the hepatocytes. 
Additionally, the represented findings manifested 
that RJ supplementation markedly improved the 
hepatic histological image; hepatocytes did not 
exhibit cytoplasmic vacuolation, and the majority 
of the central veins and portal triads did not appear 
clogged, but there was still a modest level of 
inflammatory cellular infiltration in the portal 
region. These findings showed that RJ has a 
substantial liver protective effect. In addition to its 
anti-inflammatory and free radical scavenging 
qualities, RJ's hepatoprotective effectiveness can be 

ascribed to its capacity to stabilize hepatocytes by 
enhancing antioxidant enzyme activity. These 
findings were consistent with earlier studies which 
manifested that RJ has a potent hepatoprotective 
impact versus chemicals causing liver damage 
(Mostafa et al., 2020; Hamza et al., 2022; 
Mohamed et al., 2022). Thus, an important possible 
source of natural antioxidants that can counteract 
the effects of oxidative damage, which is thought to 
be the primary cause of many diseases resulting 
from prolonged exposure to Al, is RJ. 

6. Conclusion 

The current study revealed that the antioxidant, 
and anti-inflammatory properties of RJ 
supplementation in rats may have a moderating 
effect against AlCl3-induced liver damage. To 
avoid unanticipated liver damage from heavy 
metals, we recommend using RJ as a supportive 
agent. 
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	Abstract
	Palm oil is a common cooking oil, but repeated heating can induce harmful chemical changes. This study investigated the adverse effects of fresh and heated palm oil on oxidative stress, liver histopathology, and genotoxicity in vivo using an mice mode...
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	1. Introduction
	Palm oil (Po), a popular consumed edible vegetable oil, has been a staple in many cuisines for centuries. Derived from the fruit of the Elaeis guineensis tree, Po has been used for approximately 5,000 years. Its global production has increased signifi...
	Additionally, Po is rich in vitamins A and E, potent antioxidants that help prevent ischemic damage and protect against arterial plaque formation. When consumed as part of a well-balanced diet, Po supports heart health without increasing the cardiovas...
	Software called SPSS (version 16.0) was used to conduct statistical analysis.  The mean ± standard deviation (mean ± SD) was used to express the data.  To assess whether differences between the two groups were statistically significant or the result o...
	4. Results
	4.1 Body Weight Changes
	As shown in the figure (1), the percentage increase in body weight in the control group was 25.2 ± 2.8%. Group 2 exhibited a statistically significant increase in body weight (27.9 ± 1.5%) compared to the control group. Conversely, Group 3 demonstrate...
	4.2 Micronucleus test
	The micronucleus test findings are shown in Table (1).  Normochromatic erythrocytes (NCEs) had a dark blue stain, as seen in Figure (2), whereas polychromatic erythrocytes (PCEs) had staining that ranged from light blue to violet. Polychromatic erythr...
	Table (1) represents the mean and standard deviation of micro-nucleated polychromatic erythrocytes (MNPCEs) and PCEs/NCEs ratio in 6000 polychromatic erythrocytes (PCEs) and corresponding normochromatic erythrocytes (NCEs) scored in the bone marrow of...
	Figure (2) Bone marrow smears of Mus musculus showing polychromatic erythrocytes (PCE), normochromatic erythrocytes (NCE), and micro-nucleated polychromatic erythrocytes (MnPCE). (a) Control group, (b) Group 2, (c and d) Group 3. The scale bar is 0.2 mm.
	4.3 Histological and histopathological observations
	Histological examination of liver tissues stained with hematoxylin and eosin (H&E) revealed significant structural differences among the experimental groups. As illustrated in Figure 3, the control group exhibited normal hepatic architecture, with hep...
	Figure (3): Normal histological structure of liver sections of albino mice: Photomicrographs sections of liver stained with hematoxylin and eosin (H&E) illustrate pathological changes. This group (control) showing normal hepatocytes with abundant cyto...
	Figure (4): Histological alterations in liver tissue of mice: Photomicrographs of sections of liver stained with hematoxylin and eosin (H&E) illustrate pathological changes. This group treated with fresh palm oil, in panel (a and b), showing fatty cha...
	Figure (5): Histological alterations in liver tissue of mice: Photomicrographs of sections of liver stained with hematoxylin and eosin (H&E) illustrate pathological changes. This group treated with heated palm oil, in panel (a and b), showing Necrosis...
	4.4 Oxidative stress markers
	The present study looked into the impact of fresh and heated palm oil treatment on oxidative stress markers in liver tissues of albino mice (Mus musculus). The evaluated parameters included malondialdehyde (MDA), superoxide dismutase (SOD), catalase (...
	Current results showed statistical differences in the levels of MDA, SOD, CAT and GPx., a statistically significant increase in MDA levels in the treated groups compared to the control group, suggesting elevated lipid peroxidation and oxidative damage...
	4.1 Malondialdehyde (MDA) Levels
	The concentration of malondialdehyde (MDA) in liver tissues was significantly elevated in Group 2 (1.8433 ± 0.08021 mol/mg protein) and Group 3 (2.6933 ± 0.40104 nmol/mg protein), in contrast to the control group to the control group (0.8533 ± 0.02517...
	4.2 Superoxide Dismutase (SOD) Activities
	Superoxide dismutase (SOD) activity was significantly reduced in the treated groups in contrast to the control. Group 2 demonstrated a highly significant decrease (3.3367 ± 0.09452 U/mg protein), while Group 3 showed a further significant reduction (1...
	4.3 Catalase (CAT) Activity
	Catalase (CAT) activity was greatly reduced in the treated groups in contrast to the control. Group 2 exhibited a reduction in CAT activity (2.6767 ± 0.18583 U/mg protein), while Group 3 demonstrated a further significant decline (1.0100 ± 0.07211 U/m...
	4.4 Glutathione Peroxidase (GPx) Activity
	Glutathione peroxidase (GPx) activity was significantly (P < 0.05) decreased in the treated groups compared to the control. Group 2 exhibited a highly significant (P < 0.001) reduction in GPx activity (4.6767 ± 0.15011 U/mg protein), while Group 3 sho...
	Figure (6): Malondialdehyde (MDA) level in liver of albino mice Mus Musculus, (mean ± SD). Malondialdehyde (MDA) level expressed as unit nmol mg-1 protein.
	Figure (7): Superoxide dismutase (SOD) activity in liver of albino mice Mus Musculus, (mean ± SD). Superoxide dismutase activity is expressed as unit   U mg-1 protein.
	Figure (8): catalase (CAT) activity in liver of albino mice Mus Musculus, (mean ± SD). Superoxide dismutase activity is expressed as unit U mg-1 protein.
	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 ...
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	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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	مشروع تخرج - دراسة صعوبات التعلم لدى طلاب المرحلة الثانوية
	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
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