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Introduction
The wild rat is one of the most dangerous species of 

rodents that attack crops (Dedovic et al., 2012). It is 

known for infesting and harming property and it is 

an important vector of numerous diseases (Kosoy et 
al., 2015). It causes serious damage to crops and eats 

any available food including seeds, fruits, and plant 

shoots, which lead to incalculable economic losses 

(Bonnefoy et al., 2008). In addition, the urine and feces 

of rats contaminate forage that has been poorly stored 

which shows a threat to animal health (Daniels et al., 
2003). Thus, rats are the target of a large number of 

pest control strategies. The excessive use of pesticides 

in the control of wild rats (R. norvegicus) is far from 

ideal because it has great hurtful impacts on human and 

environmental health (Beshay, 2005). Currently, there 

is a strong interest in developing new environmentally 

friendly agents for controlling pests (Dedovic et al., 
2012). Fertilizers represent a new effective means 

for pest control instead of pesticides. It is considered 

safer than pesticides for use around pest and vertebrate 

wildlife when applied at low rates (Speiser and Kistler, 

2002). It is mostly used in agriculture to improve plant 

growth and similarly, it has a successful impact on 

the rodent monitor (Testud, 2004). Urea is one of the 

most poisonous fertilizers to rats due to its release of 

ammonia, known as hyper ammonia syndrome, which 

directly affects the nervous system forms oxidative 

stress, and harms the rat organs causing death (Siva et al., 
2017). Several plant products also have properties that 

make them efficient pest control agents. Camphor can 

be used as a potent rodenticide; it causes irritability in 
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Abstract
Background: One of the most challenging pests to control is the wild rat (Rattus norvegicus), which poses serious 

risks to both human health and the economy. Fertilizers are a more recent method of pest management with various 

action modes and are considered safe control agents when applied at low doses. 

Aim: The present study aimed to examine the toxicological impacts of the contaminated water with urea and camphor 

oil individually, post-treatment of rats with camphor oil after the pre-treatment with urea and post-treatment of rats 

with urea mixed with camphor oil after urea pre-treatment against the wild rats (R. norvegicus). 

Methods: The study extends to explore the influence of these treatments on the physicochemical parameters of the 

water administered by rats. Moreover, the effect of the most three toxic treatments was studied on the blood and renal 

functional parameters and the kidney tissue of rats after 21 days of treatment. 

Results: The study showed that urea was more potent than camphor oil when applied individually and increasing 

the concentration of urea in the pre-treatment or when combined with camphor oil in the post-treatment caused a 

significant increase in the mortality of rats. The post-treatment of rats with camphor oil only or camphor oil mixed 

with urea after the pre-treatment with urea induced a synergistic activity against rats. In addition, the exposed water to 

urea and camphor oil has been modified in physicochemical parameters and formed ulcers and harm to the kidneys of 

the exposed wild rats. 

Conclusion: This study significantly contributes to the ecological and toxicological potential risk indexes of urea and 

camphor oil together, which are restricted on the perceptible value relevance in the literature of water quality and renal 

pathology. Therefore, urea and camphor oil represent successful agents for the wild rat's control.

Keywords: Urea and camphor oil, Toxic influence, Physicochemical parameters of water, Hematological parameters, 

Electron microscopy of rat kidney.
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rats, neuromuscular, blurred vision, colitis, contraction 

of heart muscles, difficulty breathing, seizures, and 

death (Shahabi et al., 2014). It has a toxic influence 

on the R. norvegicus rat and causes significant damage 

to its internal organs (Mourad, 2010). Moreover, the 

combination of two control agents is also a successful 

method for pest management and this combination 

is more effective in controlling pests than the effect 

of each agent individually (Hend, 2018). The liver, 

kidneys, gastrointestinal tract, and lungs, are the organs 

of the drug metabolism, with the liver being the main 

organ of the biotransformation of drugs (Neal, 2012). 

Therefore, the kidneys, liver, and blood cells are mostly 

impacted by drug toxicity (Orinya et al., 2016). 

The main objective of this investigation was to indicate 

the variations between the impacts of urea and camphor 

oil individually, pre-treatment with urea and camphor 

oil post-treatment, pre-treatment with urea followed by 

post-treatment with the mixture of urea and camphor 

oil on the mortality, biochemical parameters and kidney 

tissues of R. norvegicus rat. Also, the influence of these 

treatments on the physical and chemical properties of 

the administered water by rats was determined.

Materials and Methods
Animals
Adult males of the wild rat were trapped in maize 

fields located in Zagazig district, Sharkia province, 

Egypt. The animals were carefully transferred to the 

laboratory, and then housed in metallic cages supplied 

with water and crushed maize to acclimatize for 15 

days before starting the experiments.

Tested materials
Urea [CO (NH

2
)

2
] (46.5% N) was obtained from El–

Gomhouria Company, Egypt. While, the camphor oil 

[C
10

H
16

O] was purchased from Abu Zaid Company, 

Egypt. Each of them was dissolved in distilled water 

to obtain the required final test concentrations of 0.5%, 

1%, 1.5%, and 2% for urea and 2.5%, 5%, 8%, and 

10% for camphor oil. 

Experimental setup
Control wild rats (healthy rats) were randomly 

distributed into five batches. The first batch was 

untreated, containing ten rats orally administered 

with tape water and served as control. The second 

batch of wild rats was supplied orally with urea at 

four concentrations (0.5%, 1%, 1.5%, and 2%), each 

concentration containing ten rats. The third batch 

was orally supplemented with camphor oil in four 

concentrations (2.5%, 5%, 8%, and 10%) of ten 

animals each. The fourth batch was treated orally with 

urea at the same concentrations given to the second 

batch and after seven days, the rats were treated with 

the highest concentration of camphor oil (10%) as a 

post-treatment; to obtain four treatments each of them 

containing ten rats. The fifth batch was administered 

orally with urea at the same concentrations given to the 

second batch and after seven days, rats were post-treated 

with the same pre-treated concentration of urea mixed 

with camphor oil at its highest tested concentration 

to get four treatments, each one containing ten rats. 

Water consumption and the mortality percent of both 

treated and untreated rats were recorded daily during 

the experimental period, which was 21 days. At the 

end of the experiment, rats treated with the highest 

concentration of each of urea and camphor oil and also 

the animals that pre-treated with urea at the highest 

concentration and then post-treated with urea mixed 

with camphor oil also at the highest concentration 

were anesthetized and sacrificed by decapitation. The 

experiment was repeated for 21 days with 25 rats for 

each concentration of 2% urea, 10% camphor oil, and 

2% urea pre-treatment then post-treatment of 2% urea 

+ 10% camphor oil to recollect blood samples from 

these rats for the biochemical analysis and histological 

studies of the kidney.

Sampling and analytical methods
Tap water samples were taken from the laboratory 

of Zoology Department, Faculty of Science, Zagazig 

University, Egypt. Tap water samples were collected 

from the investigated area before (10 samples) and 

after (50 samples, 10 samples for each concentration) 

subjection to urea at 1%, 1.5%, and 2% concentrations 

separately, camphor oil at the highest concentration 

10% and the mixture of urea at the concentration of 2% 

with camphor oil at 10% concentration. 

Water physicochemical properties
The water samples were filtered, and placed in clean 

sampling glass bottles till used (Boyd, 1990).

Color and odor
The color and odor of the water samples were 

determined according to Ambasht and Ambasht (1990).

pH-value
Digital mini-pH-meter model 55 was used to measure 

the pH value of different water samples (Khater and 

Ibraheim, 2016).

Nitrates and ammonium
Nitrates and ammonium can be determined according 

to (Khater, 2011).

Alkalinity
The alkalinity of different concentrations of water 

samples with urea and camphor oil was determined 

according to (Khater, 2011).

Histopathological studies
Estimation of rat blood parameters
Forty blood samples were taken from the control 

and the rats were administered with urea at 2% 

concentration, camphor oil at a concentration of 

10%, and urea at 2% mixed with camphor oil at a 

concentration of 10% after decapitation after 21 

days in EDTA tubes for estimation of hematological 

parameters, and Weatherman tubes for estimation of 

blood urea and serum creatinine (Ibraheim and Khater, 

2013). The serum was separated by centrifugation 

from the blood cells at 3,000 rpm for ten minutes 

at room temperature. Furthermore, the serum was 

stored in the freeze at −20ºC in Eppendorf tubes until 

utilized (Khater and Ibraheim, 2016).
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Ultra-structural studies on the rats kidney
Forty kidney specimens were collected from the control 

and the exposed wild rats to urea (2%), camphor oil 

(10%), and a mixture of urea (2%) with camphor oil 

(10%) for 21 days, subjected to histological methods, 

and then set for the electron microscopic examination 

by JeolJem100CX transmission electron microscope of 

Zagazig University, Sharkia province, Egypt (Khater 

and Ibraheim, 2016).

Statistical Analysis
The analysis of difference was performed using one-

way ANOVA at the significant level of 0.05 (p < 0.05) 

by the SPSS program and means of data and standard 

error were compared by using the Microsoft Excel 

program. Data analysis, tables, and graphics were done 

using Microsoft Word (2007) and Origin 8.

Ethical approval
The current investigation was accepted by The 

Institutional Animal Care and Use Committee at 

Zagazig University (ZU-IACUC/1/F/250/2023). 

Results
Efficacy of urea and camphor oil individually against 
R. norvegicus rats
The influence of urea at the tested concentrations 

(0.5%, 1%, 1.5%, and 2%) and camphor oil at the 

concentrations (2.5%, 5%, 8%, and 10%) was evaluated 

individually against R. norvegicus rats and the amount 

of water consumed by rats from each treatment was 

also calculated, as shown in Table 1. Urea at all tested 

concentrations recorded the highest water intake on 

the first day of the experiment and then the amount 

of water administered continued to decrease. On the 

contrary, camphor oil was less palatable to rats at the 

beginning of the experiment. At all concentrations of 

camphor oil, the lowest intake of water was recorded 

on the first day of the treatment. This may be due to the 

rats being surprised by the pungent smell of oil, but then 

the rate of water administered increased gradually with 

the increase in the experimental period. In addition, by 

increasing the concentration of each urea and camphor 

oil the water intake by rats decreased. Thus, urea at the 

highest concentration of 2% recorded the least water 

consumption with a value of 17 ml at the end of the 

experiment on day 21, and camphor oil at the highest 

concentration of 10% achieved the lowest water 

administration with value of 7.5 ml on the first day 

of the experiment. The rat's consumption of untreated 

water in the control was significantly higher than 

those treated with both tested compounds. Regarding 

the efficacy of urea and camphor oil against rats, by 

increasing the concentrations of each compound and 

increasing the experimental period, the mortality of 

rats increased. But urea more effective than camphor 

oil, it was recorded 60% mortality of rats at its highest 

concentration of 2% compared to camphor oil which 

achieved 40% mortality at its highest concentration of 

10% on the 21 days of the experiment. On the other 

hand, all control rats were survived.  

Effect of the pre-treatment with urea and camphor oil 
post-treatment against R. norvegicus rats
The effect of camphor oil at the highest concentration 

10% post-treatment after the pre-treatment with urea at 

the concentrations (0.5%, 1%, 1.5%, and 2%) separately 

was illustrated in Table 2. The obtained results showed 

that the highest water intake at all tested treatments 

was recorded on the first day of the experiment. 

Whereas, with an increase in the experimental time 

and an increase in the concentration of urea in the pre-

treatment before camphor oil post-treatment, the water 

administered by rats was decreased. Thus, the highest 

concentration of urea 2% pre-treatment before camphor 

oil post-treatment caused the lowest intake of water 

(18.5 ml) at the end of the experiment on day 21. Water 

consumption rates for all tested treatments were below 

that of untreated rats in control. Furthermore, increasing 

the concentration of urea in the pre-treatment before 

the treatment with camphor oil led to an increase in the 

mortality of rats. The highest mortality value 70% was 

achieved by urea at the highest concentration of 2% pre-

Table 1. Efficacy of urea and camphor oil individually against Rattus norvegicus rats.

Tested 
compounds

Conc.

(%)

Water intake (ml) after days Mortality (%) after days

1 3 7 14 21 1 3 7 14 21

Urea 

0.5

1.0

1.5

2.0 

205

185

160

130

168

155

135

102

125

105

75

35

107

84

49

28

98

67

36

17

0.00

10.0

10.0

20.0

0.00

10.0

20.0

30.0

10.0

20.0

20.0

30.0

10.0

20.0

20.0

50.0

20.0

30.0

40.0

60.0

Camphor oil

2.5

5.0

8.0

10.0

68

35

19

7.5

83

76.5

34

27

156

149

132

120

159

144

116

90

124

103

95

70

0.00

10.0

10.0

10.0

0.00

20.0

10.0

20.0

10.0

20.0

20.0

30.0

10.0

20.0

30.0

30.0

10.0

20.0

30.0

40.0

Control 250 287.5 400 500 575 0.00 0.00 0.00 0.00 0.00
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treatment followed by camphor oil post-treatment after 

21 days of the experiment. The lowest concentration of 

0.5% of urea followed by camphor oil as post-treatment 

markedly reduced the mortality of rats to 20% after 

the same experimental time. In contrast, there is no 

mortality of untreated rats was recorded in the control. 

It seems clear from our results that increasing the urea 

concentration in the pre-treatment induced an observed 

reduction in the water intake by rats and increased at 

the same time mortality rate. 

Efficiency of the pre-treatment with urea and mixing 
of urea with camphor oil post-treatment against R. 
norvegicus rats
The effect of camphor oil at a concentration of 10% 

mixed with each tested concentration of urea against 

rats previously treated with urea concentrations 

individually was investigated, as indicated in Table 3. 

The highest water consumption by rats for all treatments 

was recorded on the first day of the treatment and then 

it decreased continually throughout the experiment. 

The pre-treatment of rats with urea at the highest 

concentration 2% followed by treatment with the same 

concentration of urea mixed with camphor oil achieved 

only 16 ml of water administered on the 21st day of 

the treatment. In contrast, after the same experimental 

period, the pre-treatment of rats with urea at the lowest 

concentration of 0.5% followed by the post-treatment 

with urea at the same concentration mixed with camphor 

oil induced the highest water intake with value 55 ml. 

On the other hand, the same treatment showed the 

lowest efficacy against rats with a mortality rate of 30% 

after 21 days of the experiment. It was followed by urea 

pre-treatment at each of 1% and 1.5% concentrations 

then post-treatment with the same concentrations 

separately combined with camphor oil, which recorded 

50% mortality after the same period of the experiment. 

The mixing of urea at the highest concentration of 2% 

with camphor oil post-treatment for rats pre-treated 

with the same concentration of urea alone achieved the 

highest mortality with a value of 70% compared to the 

control which did not show any mortality. These results 

can be reflected by increasing the concentration of urea 

individually in the pre-treatment or when combined 

with camphor oil in the post-treatment, the water intake 

decreases and the mortality rate significantly increases. 

There is no information or published studies about 

the post-treatment of R. norvegicus rats with camphor 

oil or by mixing camphor oil with urea after the pre-

treatment of rats only.

Physico-chemical parameters of the water
The physico-chemical parameters of water samples 

treated with urea at 1%, 1.5%, and 2% concentrations, 

camphor oil at the concentration of 10%, and a mixture 

of urea at 2% concentration with camphor oil at the 

concentration of 10% were recorded in Table 4. There 

were changes in the color and odor of the water 

samples between the exposed and the control ones. The 

pH value lies within the international permissible limits 

except the group four while, the alkalinity, nitrates, and 

ammonium values do not lie within it. 

Histopathological studies
Blood parameters estimation of wild rats
Modifications in wild rat blood parameters such as 

hematological and kidney functional parameters (blood 

urea and serum creatinine) were determined for control 

and exposed wild rats. The results observed distinct 

modifications in all the blood parameters (Table 5). 

Significantly different (p < 0.05) values were found 

between the blood parameters of the exposed wild rats 

and control.

Ultra-structural studies on the wild rats' kidney
Studies with electron microscopy showed serious 

effects of urea (2%) + camphor oil (10%), urea (2%), 

and camphor oil (10%) on the kidneys of the examined 

wild rats drinking it (Figs. 1–3). The intensity of 

histopathological alterations in the kidney cortex was 

raised in the exposed wild rats to urea and camphor oil 

compared to the control.

Discussion
Efficacy of urea and camphor oil individually against 
R. norvegicus rats
The present results reported that rats treated with urea 

take a large amount of water, and this may be due to 

the fact that urea exerts direct biogenic activity, which 

can be explained as a result of the osmotic gradient 

between extracellular and intracellular fluid. Whereas, 

when this is positive, as in the case of a rapid rise 

in urea levels in the blood, it leads to dehydration 

of cells and thus stimulates thirst in rats. Similarly, 

Dedovic et al. (2012) revealed that the palatability 

of R. norvegicus rats to sodium selenite was highest 

Table 2. Effect of the pre-treatment with urea and camphor oil post-treatment against Rattus norvegicus rats.  

Pre-
treatment Post-treatment

Water intake (ml) after days Mortality (%) after days
1 3 7 14 21 1 3 7 14 21

Urea (0.5%) Camphor oil (10%) 200 164 115 85 67 0.00 0.00 10.0 20.0 20.0

Urea (1%) Camphor oil (10%) 180 149 102 70 54 10.0 10.0 20.0 20.0 40.0

Urea (1.5) Camphor oil (10%) 162 138 70 35 22 10.0 20.0 20.0 30.0 40.0

Urea (2%) Camphor oil (10%) 120 95 30 21 18.5 20.0 30.0 40.0 60.0 70.0

Control 250 287.5 400 500 575 0.00 0.00 0.00 0.00 0.00
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in the first two days of treatment, but after the next 

several days, the rats' consumption of it continued 

to decrease. The consumption of sodium selenite by 

rats decreased on the seventh day of the treatment, 

and the highest mortality rate of rats was achieved by 

this compound between the fourth and seventh day of 

consumption. Changes in the amount of water intake by 

rats can be used as indicators for assessing the public 

health case of the experiential animals (El-Hilaly et al., 
2004). Moreover, Testud (2004) showed that nitrogen 

fertilizers have a successful effect on the control of 

rodents. Hydrolysis of urea leads to the release of 

ammonia, which has a toxic influence on rats due to an 

increase in the level of ammonium in the blood. This 

leads to hyperammonia, which causes neurological 

alterations and oxidative stress and also damages the 

organs of rats, leading to mortality (Siva et al., 2017). 

Another similar study demonstrated that ammonia is 

poisonous; it caused functional disorders in the brains 

of albino rats, which contributed to coma and death 

(Priyadarshini and Neeraja, 2015). In addition, Omar et 
al. (2007) indicated that ammonia causes the rapid death 

of rats as a result of brain edema. In the same trend, 

Hend (2017) showed that ammonium nitrate caused 

a highly significant toxic effect on R. norvegicus rats, 

and by increasing the concentrations of this fertilizer 

and increasing the experimental time, the mortality 

of rats increased. It caused 53.33% mortality in 

rats at a concentration of 1.5% after only one day 

of treatment. Then the mortality rate of wild rats 

rose with the increase in the experimental period, 

reaching 80% after 21 days of the experiment. After 

the same period, the same fertilizer recorded 86.66% 

mortality in R. norvegicus rats at the highest tested 

concentration of 2% (Khater and Hend, 2018). On the 

other hand, plant products contain toxic substances, 

which makes them effective against rats (Tan et al., 
2008). Edwards et al. (1993) confirmed that camphor 

oil was toxic to rats. The toxicity of this oil is due to 

its cineole content, which ranges from 13% to 78% of 

the total oil. Furthermore, it caused inhibition of the 

secretion of catecholamine by blocking the nicotinic 

acetylcholine receptors, which negatively affected the 

nervous system and thus the rat's behavior and survival 

(Park et al., 2000). Moreover, it contains about 60 

monoterpenoids in addition to 1,8-cineole as its major 

component and is responsible for its toxic behavior 

(Bignell and Dunlope, 1996). Similarly, Fakir et al. 
(2021) revealed that Berberis hispanica extract at 

high doses showed an observed mortality in rats. A 

significant decrease was also shown in water intake 

by animals treated with these doses compared to the 

untreated rats. This decrease in water administration by 

treated animals is due to the deregulation of appetite 

under the influence of this extract. On the contrary, 

the administration of albino rats daily with Abrus 

Table 3. Efficacy of the pre-treatment with urea and mixing of urea with camphor oil post-treatment against Rattus norvegicus rats.

Pre-treatment Post-treatment
Water intake (ml) after days Mortality (%) after days
1 3 7 14 21 1 3 7 14 21

Urea (0.5%) Urea (0.5%) + Camphor oil (10%) 213 160 122 70 55 0.00 10.0 10.0 20.0 30.0

Urea (1%) Urea (1%) + Camphor oil (10%) 194 152 110 58 40 10.0 10.0 20.0 30.0 50.0

Urea (1.5) Urea (1.5%) + Camphor oil (10%) 160 124 83 40 19 10.0 20.0 30.0 50.0 50.0

Urea (2%) Urea (2%) + Camphor oil (10%) 138 100 39 28 16 20.0 30.0 30.0 60.0 70.0

Control 250 287.5 400 500 575 0.00 0.00 0.00 0.00 0.00

Table 4. Water physico-chemical properties (mean ± SD) of control and the exposed ones.

Water 
parameters

Treatments 

Control UR (1%) UR (1.5%) UR (2%) UR (2%) + CA 
(10%) CA (10%)

Color Colorless Colorless Colorless Colorless Oily Oily

Odor None None None None Camphor odor Camphor odor

pH value 7.79 ± 0.01
*

8.03 ± 0.04
*

8.13 ± 0.04
*

8.24 ± 0.06
*

8.42 ± 0.03
*

8.16 ± 0.01
*

Alkalinity (ppm) 105.75 ± 1.06
abc

110.5 ± 0.71
ad

112.45 ± 0.64
bc

115.35 ± 0.49
ab

129 ± 1.41
abc

115.35 ± 0.49
cd

Nitrates  

(NO
3
) (ppm)

2.57 ± 0.05
ad

238.02 ± 0.03
abc

317.23 ± 0.33
abc

451.27 ± 0.37
ab

451.27 ± 0.37
cd

2.57 ± 0.05
bc

Ammonium

(NH
4
+) (ppm)

0.735 ± 0.71
ac

50.34 ± 0.47
ad

73.22 ± 0.31
abc

121.09 ± 0.13
ab

121.09 ± 0.13
cd

0.735 ± 0.71
bd

UR: urea CA: camphor oil. Data were recorded as mean ± SD, n =10. Means with the same letters within the same row are significant (p < 0.05), 

using ANOVA.
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precatorius extract for 28 days did not induce any 

toxicity in rats, so no mortality was recorded. No 

significant change in the water consumption of the 

treated rats was recorded compared to the control. The 

lack of significant alteration in water intake by the 

treated rats indicates the non-toxic effect of the extract 

(Tabasum et al., 2019). This can be summarized by 

saying that mortality and water consumption represent 

very sensitive indicators to evaluate the toxicity of a 

substance (Kebede et al., 2016).

Effect of urea and camphor oil against R. norvegicus 
rats
In our study, with an increase in the concentration of 

urea in the pre-treatment before the post-treatment with 

camphor oil, the water administered by rats decreased 

and the mortality rate increased. Consequently, the 

highest concentration of urea (2% pre-treatment) 

before the post-treatment with camphor oil at a 

concentration of 10% caused the lowest water intake 

(18.5 ml) and the highest rate of mortality (70%) at the 

last experiment on day 21. Furthermore, increasing 

the urea concentration in the pre-treatment of rats and 

also in the post-treatment when mixed with camphor 

oil led clearly to an increase in the mortality rate of 

rats. These findings were in agreement with a related 

earlier study that showed that the efficacy of the post-

treatment depends mainly on the substance used in the 

pre-treatment and the dosage of the other substance 

used in the post-treatment (Inns and Leadbeater, 

1983). Similar findings revealed that in the post-

treatment of rats with K-27 after the pre-exposure to 

paraoxon, the survival of treated animals depends on 

the substance used in the pre-treatment and also on 

the dose of paraoxon. Additional administration of 

K-27 after the pre-treatment with paraoxon caused a 

considerable rise in the mortality of wild rats compared 

to those exposed to paraoxon alone. Moreover, the 

pre-treatment with physostigmine or K-27 before the 

treatment with the sublethal dose of paraoxon caused 

an increase in the mortality rate of rats (Dietrich et al., 
2020). On the contrary, Nurulain et al. (2009) reported 

that sometimes the post-treatment reduces the toxic 

influence of the pre-treatment against rats and thus 

reduces the mortality rate. The post-treatment of male 

Wistar rats orally with Vernonia amygdalina extract 

after the pre-administration of dimethyl nitrosamine 

significantly reduced the toxic effect of dimethyl 

nitrosamine (Usunobun and Anyanwu, 2016). In 

addition, Fanucchi et al. (2012) indicated that the 

pre-exposure of Sprague–Dawley adult rats to 

chlorine caused severe injury to the airway and 

pulmonary edema, which led to mortality. The post-

treatment of rats with a mixture of ascorbate and 

deferoxamine after the pre-exposure to chlorine can 

reduce the severity of acute lung injury induced 

by chlorine and so decrease mortality. In the same 

trend, Annateresa et al. (2013) demonstrated that the 

combination of canola oil with Nacl enhances the 

oxidative stress of spontaneously hypertensive stroke 

prone (SHRSP) rats. However, the amount of water 

Table 5. Hematological and kidney functional parameters (mean ± SD) of control and exposed wild rats to the 

polluted water.

Blood parameters
Treatments

Control UR (2%) + CA (10%) UR (2%) CA (10%)
 Hgb g/dl 16.60 ± 0.14 13.36 ± 0.06 16.05 ± 0.07 17.58 ± 0.04

 RBC count × 10
6

/ µL 6.95 ± 0.06
ab

7.15 ± 0.06
ab

7.32 ± 0.01
a

7.31 ± 0.01
b

 Hct% 50.05 ± 0.07
a

40.05 ± 0.07
a

48.15 ± 0.21
a

62.99 ± 0.01
a

MCV FI 71.66 ± 0.02
a

55.91 ± 0.01
a

65.97 ± 0.01
a

86.18 ± 0.01
a

MCH Pg 23.87 ± 0.05
a

18.62 ± 0.03
a

21.99 ± 0.01
a

24.05 ± 0.07
a

MCH% 33.27 ± 0.09
a

33.33 ± 0.01
b

33.33 ± 0.01
c

27.94 ± 0.01
abc

Platelets count (×10
3

/µL) 571.5 ± 0.71
a

678.5 ± 0.71
a

730.50 ± 0.71
a

870.50 ± 0.71
a

WBC count (×10
3

/ µL) 15.55 ± 0.07
a

13.55 ± 0.07
a

14.67 ± 0.04
a

11.10 ± 0.14
a

Neutrophil% 23.50 ± 0.71
a

7 ± 0
a

10 ± 0
a

28.50 ±0.71
a

Lymphocytes% 71.50 ± 0.71
a

83.50 ±0.71
a

77.50 ±0.71
a

64.50 ±0.71
a

Monocytes% 3 ± 0 5 ± 0 6 ± 0 3 ± 0

Eosinophils% 1 ± 0 3 ± 0 5 ± 0 3 ± 0

Basophils% 0 ± 0 1 ± 0 1 ± 0 0 ± 0

Serum creatinine mg/dL 0.39 ± 0.01
a

0.68 ± 0.00
a

0.92 ± 0.01
a

0.54 ± 0.01
a

Blood urea mg/dL 46.35 ± 0.49
a

90.25 ± 0.35
a

64.40 ± 0.57
a

76.23 ± 0.3
a

UR: urea. CA: camphor oil. Data were represented as mean ± SD, n =10. Means within the same letters in the same row are 

significant (p < 0.05), using ANOVA.
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intake by rats treated with canola oil combined with 

salt was significantly higher than that taken by rats 

administered with canola oil alone.

Physico-chemical parameters of the water
As is clear in the results, there is no change in the 

color and odor of the water samples except for the 

Fig. 1. Electron micrograph of the kidney cortex components of a normal wild rat indicating 

Malpighian corpuscle which explains the general morphology of glomerular capillary and 

podocyte. The podocyte cell body (Pc) has an irregular-shaped nucleus (N) with batches of 

chromatine materials (Ch), centrally placed in the cytoplasm packed with various inclusions 

and organelles, and peripheral nucleolus (Ne). The glomerular capillary has filtration slit 

(FS), primary process (PP), secondary foot processes (SPs), subpodocyte space (SPS), blood 

capillary (BC), and red blood cells (RBCs) (X 1500) (A). The general morphology of proximal 

convoluted tubule (PCT) which has round nuclei (N) with peripherally located nucleoli (Ne) 

and homogenously distributed chromatine (Ch), peripherally placed in a cytoplasm packed 

with different inclusions and organelles, long microvilli (Mv), and central small lumen (L). 

These organelles comprise lysosomes (Ly) appear as small rounded vesicles bounded by 

a single membrane, mitochondria (M) which are numerous exhibiting elongated or round 

shapes, and abundant glycogen particles (Gl) in the form of rosette-shaped particles (X 4000) 

(B). The distal convoluted tubule has basal infoldings (IFs), short microvilli (Mv), central 

large lumen (L), and the same inclusions of PCT (X4000) (C).
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mixing of urea (2%) with camphor oil (10%) and 

camphor oil (10%) only due to the addition of the 

camphor oil (Gupta, 2000). The present investigation 

indicated that the pH values of different treatments 

were alkaline, and additional impacts of urea to 

camphor oil were found. This is in agreement with 

that of Davies (2005) and Meloni and Oy (2013). 

The results of this study showed that pH values at 

different examined limits lie within the favorable 

levels (6.2–8.3) recommended for the survival and 

growth of living creatures except for the mixture of 

urea with camphor oil, and this complies with the 

Fig. 2. TEM micrograph of the kidney cortex components of a normal wild rat indicating the 

general morphology of Malpighian corpuscle showing the general morphology of glomerular 

capillary and podocyte. The Pc has an irregular-shaped nucleus (N) with batches of chromatin 

materials (Ch), centrally placed in a cytoplasm packed with different inclusions and 

organelles, and peripheral nucleolus (Ne). Glomerular capillary has FS, PP, SPS, SP, BC, and 

RBC (X 2500) (A). PCT has a round nucleus (N) with homogenous distributed chromatine 

(Ch), peripherally placed in a cytoplasm packed with different inclusions and organelles, and 

peripherally located nucleolus (Ne), and long microvilli (Mv). These organelles consist of 

smooth endoplasmic reticulum (SER) and rough endoplasmic reticulum (RER). Lysosomes 

(Ly) appear as small rounded vesicles bounded by a single membrane. Abundant glycogen 

particles (Gl) in the form of rosette-shaped particles. Mitochondria (M) are numerous showing 

elongated or round shapes. (X 6000) (B). The distal convoluted tubule cell has basal IF, short 

microvilli (Mv), and the same inclusions of PCT (X10000) (C).
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results of Korai et al. (2008) and Pandey and Tiwari 

(2009).
Alkalinity, nitrates, and ammonium are raised in 

the water samples that contain urea and camphor 

oil addition, and these are by Davies (2005) and 

Peterson (2008). The alkalinity range (20 mg/l) 

in the present investigation was not advised, 

as recommended by ANZECC and ARMCANZ 

(2000), Sithik et al. (2009), and Khater and 

Ibraheim (2016).

Fig. 3. TEM micrograph of the kidney cortex components of a treated wild rat indicating 

elongated nucleus (EN), necrotic nucleus (NN), vesicular granules (VG), condensed 

chromatine (CCh), swollen mitochondria (SM), Damaged mitochondria (DM), lytic cytoplasm 

(LC), degeneration of the cytoplasmic organelles (DO), marked dilation with inflammatory 

cells (IC), vacuolation of the cytoplasm (VC), ulcers (U), pigments (P), enlarged PC (EPc), 

glomerular capillary comprises enlarged FS (EFS), enlarged BC (EBC), enlarged PP (EPP), 

enlarged SP (ESP) and enlarged fenestrated endothelium (EFE). (A) and (B) shows the kidney 

cortex of a treated rate exposed to 2% urea + camphor oil at 10% (X 1,400, 2,700, respectively). 

(C) and (D) shows the kidney cortex of a treated rate exposed to 2% urea (X 1,400, 2,700, 

respectively). (E) and (F) shows the kidney cortex of a treated rate exposed to 10% camphor 

oil (X 1,400, 2,700, respectively).
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Histopathological studies
Estimation of blood parameters of wild rats 
The present investigation indicated slight modifications 

in all blood parameters for control and exposed rats, and 

this coincided with the results of Hanafy et al. (2013), 

Khater and Ibraheim (2016), Hamed et al. (2023), and 

Oktanella et al. (2023).

Ultra-structural studies on the wild rats' kidney
Such studies indicated the hazardous effects of urea 

and camphor oil on the experimental wild rats, as they 

damaged the kidney tissues of the investigated rats, 

causing dysfunction and kidney ulcers. They harm 

the renal tissues, forming kidney disappointment and 

putrefaction, and this concurred with the results of 

Dar et al. (2017) and Kong et al. (2017).

Conclusion
The present investigation indicated that increasing 

the concentration of urea and camphor oil reduced the 

amount of water intake by R. norvegicus rats and caused 

an increase in the mortality of wild rats. Moreover, the 

post-treatment of rats by mixing urea with camphor 

oil after the treatment with urea only induced the 

highest effect on the mortality of rats, which indicates 

a synergistic activity of the two agents compared to the 

treatment with each agent separately. 
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