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Abstract 

Trichinellosis is a parasitic disease that is dangerous to humans, the cause is a group of nematodes that are 

associated with the genus Trichinella. The purpose of this research is to investigate the effects of rocket seed 

extracts (RSE) on the experimental Trichinellosis-induced damage to the tissue and DNA in the rat's tongue. 

The current investigation was conducted on 40 male albino rats that were divided into four groups (G1, control; 

G2, RSE; G3, 35DPI or infected group in which rats were confronted with 1000 larvae of trichinella spiralis; 

G4, the treated infected group with RSE for a week). The current results showed that; over 97% of the larvae 

were located in skeletal muscles, and about 2.5% were located in both the diaphragm and the tongue. However, 

only about 0.5% were located in cardiac muscles. The treatments with 35DIP were significantly less effective 

than the treatments with 35DPI in reducing the mean number of Trichinella spiralis (78.5± 4.8 versus 291.0 ± 

8.5). The muscles of the tongue in 35DPI exhibited severe tissue damage with widespread degenerative 

changes in the fibers of the muscle along with a large number of T. spiralis larvae encysted in the muscle. 

Each larva lacked a shell and exhibited inflammation-causing cellular infiltration, widespread hemorrhage, 

and muscular fibrosis. Tongue section in 5WPI treated with RSE revealed a reduced number of non-

encapsulated encysted larvae with mild fibrosis, inflammatory cellular infiltration, and reduction in DNA 

damage.  
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----------------------------------------------------------------------------------------------------------------------------------- 

Introduction 

Trichinellosis is a parasitic disease that is harmful to 

humans; the cause is a collective of nematodes 

associated with the genus Trichinella. [1,2]. Because 

the heart and respiratory muscles are directly 

involved, trichinosis is occasionally capable of 

causing carditis or respiratory failure. It's 

characterized by fevers, headaches, myalgias, 

eosinophilia, and periorbital swelling.[3]. It's a 

parasitic disease that is triggered by worms that are 

pathogenic to humans via food. Consuming raw or 

undercooked poultry or fish that contain infectious 

Trichinella larvae leads to a significant number of 

human incidents every year [4-6]. The symptoms of 

Trichinellosis are similar to the different stages of 

the life cycle, including the migrating, muscular, and 

intestinal phases [7,8]. These phases are linked to a 

variety of symptoms. Vomiting, diarrhea, and 

abdominal pain are all possible effects of the 

intestinal epithelium being destroyed [9,10].  Fever, 

increased body temperature, myalgias, rashes, and 

increased heartbeat are all symptoms that are 
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attributed to larval migration. The degree of the 

infection's severity is directly related to the 

magnitude of muscular pain experienced, this also 

affects mobility [9,11]. The encapsulated muscle 

larvae are primarily responsible for the morbidity 

[12,13].  

The medicinal properties of various plant extracts 

and their derived products have been researched 

extensively, this has demonstrated their incredible 

antioxidant capacity. This attribute is particularly 

significant because it relates to the potential 

treatment of numerous debilitating diseases [14-16]. 

Rocket, which is scientifically known as Eruca 

sativa and is part of the Brassicaceae family, 

originally came from the Mediterranean region, but 

it has since spread across the globe. The mature 

seeds are referred to as Gargeer, and they are highly 

esteemed [17-19]. Rocket is typically incorporated 

into salads, it is also used as a flavoring component 

or steamed veggie. Additionally, it is an important 

crop for oil in India, Pakistan, and certain African 

countries [20-22]. Rocket seeds are used for the 

production of oil, and it has been used in the 

traditional pharmacopeia for various purposes 

antiphlogistic, astringent, depurative, diuretic, 

digestive, emollient, tonic, stimulant, laxative, and 

rubefacient [23,24]. Eruca sativa seed extracts were 

reported to exert antioxidant, antiplatelet, 

antithrombotic, anticancer, and antimicrobial 

properties [25,26]. Therefore this study assessed the 

effects of rocket seeds extracts (RSE) on 

experimental trichinellosis induce tissue damage, 

and DNA damage in rat tongue muscles.  

Materials and methods 

Plant material 

Analysis of phenolic compounds by HPLC 

Description of an HPLC analysis: Agilent 

Technologies 1100 series liquid chromatograph was 

the machine used to separate and detect compounds. 

It had both an autosampler and a diode-array 

detector installed. Eclipse XDB-C18 (150 X 4.6 µm; 

5 µm) was the stationary phase in the analytical 

column while a C18 guard column from 

Phenomenex in Torrance, CA ensured column 

protection. Instead of eluting components directly 

acetonitrile (solvent A) and water (v/v) which is a 

solution of 2% acetic acid (solvent B) were used as 

mobile phase to investigate the components under 

consideration. The peaks were identified by 

comparing their retention times and UV spectra with 

those obtained from standards characterized earlier 

on this system using similar analysis conditions that 

were applied here during the study. 

Determination of total flavonoid contents 

The measurement of the complete amount of 

flavonoid present in the extracted seed was initiated 

as described by Zhishen et al. [27]. Total flavonoid 

content was determined and expressed in µg/mL of 

catechin equivalent (CE). 

Estimation of DPPH scavenging activity  

The stable 1,1-Diphenyl-2-picryl-hydrazyl (DPPH•) 

was the method used to determine free radical 

scavenging capacity as reported by Pandey and 

Rajbhandari [28].  

Estimation of total antioxidant capacity 

Antioxidant activity has been estimated using a 

phosphomolybdenum assay which determines the 

total antioxidant capacity of the compounds [29]. 

Isolation and infection of Trichinella spiralis 

muscle larvae  

The strain of Trichinella used in this research (code: 

ISS6158 from Istituto Superiore di Sanità) was 

obtained from rats that were bred in the laboratory 

of the Department of Parasitology at the Faculty of 

Medicine, Tanta University. The rats used for this 

purpose were infected and then sacrificed 5 weeks 

later. Their skeletal muscle was extracted, chopped, 

and processed through a standard artificial pepsin-

HCl digestion method to acquire Trichinella muscle 

larvae [30,31]. These larvae were separated using a 

sieve, and then subjected to repeated precipitation 

and washing with distilled water before being finally 

counted using a cell counting chamber. The 

concentration of the larvae suspended in the fluid 

was adjusted to 0.25 ml per rat (with each ml 

containing 1000 live larvae) — this made up the 

inoculum volume as the recommended dose per rat. 

Before infection, rats were deprived of food for 12 
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hours; they were then orally infected with 0.25 ml 

suspension introduced into the stomach using a 

tuberculin syringe fitted with an 18-gauge blunt 

needle [2]. 

Experimental design and animal groups  

The current investigation was conducted on 40 male 

albino rats that were approximately 150-170 pounds, 

which were kept in the animal house (Faculty of 

Science, University of Tabuk, KSA) for two weeks 

before initiating the experiment. They were 

maintained on a standard rodent diet and water 

supply ad libitum, the standard temperature was 23 

± 2 degrees Celsius, and they were maintained in a 

12-hour light/dark cycle, with a minimum of 40% 

relative humidity.  Rats were clustered into four 

groups. 

Group 1: Control group, that includes normal, 

uninfected animals. 

Group 2: The RSE group possessed animals that 

were receiving RSE orally for a period of time of one 

week. 

Group 3: The infected group (35DPI), which 

comprised rats that were infected with 1000 larvae 

of trichinella spiralis and then dissected after 35 days 

(35DPI). 

Group 4: The group that received post-treatment 

comprised rats that were infested with 1000 larvae 

of trichinella spiralis's muscle larvae (ML) before 

the RSE was treated (as a dose in G2) for a week. 

This research was initiated in January of 2021, and 

the practical portion was completed in March of 

2023, the theoretical portion and writing of the 

research were initiated, and the research was finally 

completed in April of 2024. 

Sample collection: After 35 days of infection 

(35DPI), overnight fasted rats will be anesthetized 

with sodium pentobarbital, and blood will be 

collected by cardiac puncture. Blood will be placed 

in EDTA tubes and then centrifuged at 3000 g for 20 

minutes. Plasma will be intentionally divided, and 

each sample will have its label and will be stored at 

- 20 0C until parasitological, as well as tongue 

histopathology, analysis. 

Histological processing 

Samples of the tongue were collected post-necropsy 

and preserved for 24 to 48 hours by immersion in a 

10% neutral buffered formalin solution. The slices, 

cut at 5 μm thick using a rotary microtome (Litz, 

Wetzlar, Germany), were stained with hematoxylin 

and eosin as suggested by Bancroft and Gamble 

[32]. 

Comet Assay 

Tongue tissue from different groups was used to 

measure DNA damage using the comet assay 

method, which was first described by Abd Eldaim et 

al. [33]. Analysis and measurements were performed 

as follows: 100 mg of tongue tissue was quickly 

homogenized and suspended in cold phosphate-

buffered saline. The cell suspension was mixed with 

low melting point agarose and spread on precoated 

agarose slides. The slides were allowed to solidify 

and then placed horizontally in an electrophoresis 

tank filled with buffer for 20 min. Electrophoresis 

was run at low voltage. After electrophoresis, the 

slides were gently washed and stained with ethidium 

bromide. Visualization was done using a 

fluorescence microscope, and Comet V image 

analysis software was used to determine both 

qualitatively and quantitatively the extent of DNA 

migration (represented by the length of the comet 

tail) along with other parameters that describe DNA 

damage. 

Statistical Analysis: Data has been provided and 

analyzed with one-way ANOVA to show the 

significance of differences. The values are shown as 

means SE. * and # denote a significant difference 

between the control group and the 35DPI group at p 

0.05 level, respectively.  

Results 

Eruca sativa seeds extract contents 

An excellent resolution was obtained between the 

standards within 50 minutes. Figure (1) displays the 

chromatographic profile of both the mixed standard 

solution and the Eruca sativa seed extract samples, 

while Table (1) exhibited total phenolic contents and 

Table (2) total phenols plus total flavonoids as well 

as antioxidant activity in Eruca sativa seeds extract. 
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Figure 1: Base Peak Chromatogram (BPC) of RSE.  

 

 

 

Table 1: Total phenolic contents: The total phenols content in RSE.  

Compound  RT ug/g 

Gallic acid 5.6 0.000 

Protocatechuic acid 9.7 10.750 

Gentilic acid 16.7 ND 

catachine 18.4 46.878 

Chlorogenic acid 20.3 ND 

Caffeic acid 21 18.973 

Syrngic acid 22.5 ND 

Vanillic acid 24.1 13.780 

Ferulic acid 32 529.866 

Sinapic acid 33.5 1952.023 

Rutin  36.1 ND 

Coumaric acid  36.7 ND 

Rosmarinic  acid 40.1 23.905 

Cinnamic acid 42.7 9.073 

Qurecetin 43.4 29.575 

Kaempferol 46.4 21.178 

Chrysin  51.7 ND 

Black color = 280 nm; red color = 320nm; blue color = 360 nm 
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Table 2: Estimation of total phenols, total flavonoids and antioxidants activity in Eruca sativa seeds extract 

 RSE 

Total phenols (mg GAE/g) 2.803 

Total flavonoids (mg CE/g) 0.779 

DPPH (mg TE/g) 3.482 

  

 

 

 

Parasitological assessment results during the 

muscular phase of experimental trichinellosis 

Results from Table 3 and Figure 2 unveiled the 

quantity and dispersion of larvae in skeletal muscles, 

diaphragm muscles, tongue muscles, and heart of the 

experimentally infected rats at 35DPI. A high 

proportion (more than 97%) of larvae were found in 

skeletal muscles while approximately 2.5% were 

found in both diaphragm and tongue muscles, with 

only about 0.5% located in cardiac muscles. The 

treatment of RSE on 35DIP led to a drastic decrease 

as it induced significant depletion in the mean 

number of Trichinella spiralis (78.5± 4.8) when 

compared to that of 35DPI (291.0 ± 8.5). 

An analysis of the importance of disparity through 

one-way ANOVA was conducted to juxtapose the 

distribution and quantity of larvae. The comparison 

was made using a computer program. Results are 

presented as Mean ± Standard Error of Mean (SEM). 

The one-way ANOVA showed significance at P < 

0.05. 

 

 

 

 

 

Table 3. The mean number of Trichinella spiralis encysted larvae in the skeletal muscles, diaphragm, and 

tongue in the 35DPI group. 

 

                           

 

No. of T.spiralis larvae/rat 

(Mean ± SE) 

Skeletal muscles 17950 ± 427.0 

Diaphragm 214.5 ± 9.2 

Tongue 291.0 ± 8.5 

Heart 67.0 ± 3.4 
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Figure 2: Enclosed larvae inside skeletal muscles, diaphragm, and tongue decreased in the infected group 35 

days after pathogen inoculation. The representation of the data is through mean ± standard error of the mean 

(SEM). There was a significant difference between groups according to one–way ANOVA with P < 0.05. 

 

 

 

 

 

Histopathology of tongue 

In Figure 3 and Table 4, the tongue sections of 

various groups are displayed. Both the control and 

RSE groups illustrated the existence of keratinized 

papillae over the connective tissue below which 

harbored bundles composed of skeletal muscle fibers 

that run in different directions. The muscle fibers 

were of a polygonal shape— containing eosinophilic 

myofibrils with nuclei located at the periphery (as 

shown in Figure 3A and B). At 5WPI, there was 

extensive damage noted in the tissue where only 

muscle fibers exhibited degenerative changes along 

with a high number of unencapsulated and 

encapsulated Trichinella larvae; fibrosis was 

observed in the muscle fibers, mild focal 

hemorrhage, mild cytoplasmic vacuoles, moderate 

inflammatory cell infiltration, and obvious areas of 

coagulative necrosis in the muscle (Figures 3C and 

D). Tongue sections at 5WPI treated with RSE 

showed the presence of unencapsulated and 

encapsulated larvae with mild fibrosis, 

inflammatory cell infiltration, and mild coagulative 

necrosis in the muscle (Figure 3E&F). 
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Figure 3: A photomicrograph depicting tongue sections stained with Hematoxylins & Eosin. The control and RSE groups 

displayed the presence of keratinized papillae in the tongue section which covered the underlying connective tissue 

comprising bundles of skeletal muscle fibers oriented diversely. At 35DPI, there was an indication of severe tissue 

damage with diffuse degenerative changes involving all parts of the muscle fibers as well as coagulative necrosis of 

muscle (shown by arrowheads) and many T. spiralis encysted encapsulated larvae (arrows). The tongue section in 35DPI 

revealed severe tissue injury with diffuse degenerative changes throughout the muscle fibers, marked coagulative 

necrosis of muscle (arrowheads) and many T. spiralis encysted encapsulated larvae (arrows). E&F: Tongue section in 

5WPI+RSE revealed the presence of non-encapsulated encysted larvae (arrows) with mild fibrosis and mild coagulative 

necrosis of muscle. 
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      Table 4: Histopathological scores of tongue muscles in different groups. 

 encapsulated 

larvae 

inflammatory 

cellular 

infiltration 

fibrosis focal 

hemorrhage 

Necrosis cytoplasmic 

vacuoles 

Control - - - - - - 

RSE - - - - - - 

35DPI - ++ +++ + +++ + 

35DPI+RSE - + + - + - 

Where; -, negative; +, mild; ++, moderate; +++, marked 

 

 

Tongue DNA damage 

The comet assay was used to study DNA damage 

in rat tongues. Infected rats were compared to a 

normal control. The results of the comet assay can 

be seen in Figures (4) and Tables (5). The tongue 

sample taken at 35DPI showed a substantial 

increase of DNA damage— indicated by the 

increase of tail length, tail DNA%, and tail 

moment— compared to normal control; RSE 

groups which demonstrated a significant decrease 

after the application of RSE (35DPI+RSE) for one 

week did not differ significantly from normal 

control or RSE about DNA damage (tail length). 

   

 

 

 

Table 5: Comet assay parameters obtained by image analysis in cells of all groups. 

Group Tailed 

% 

Untailed 

% 

Tails length 

µm 

Tail DNA 

% 

Tail moment 

Control 2.3 97.7 1.80#±0.33  1.65 1.97 

RSE 1.8 98.2 1.39 # ±0.16  1.53 1.75 

35DPI 35.5 64.5 4.16 *±0.72  5.12 36.09 

35DPI+RSE 14.0 86.0 2.81 #* ±0.27  4.38 18.56 

* and # signify a significant departure from the control and 35DPI groups respectively at p 0.05. 
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Fig. 4: Photomicrographs representation of DNA damage in tongue tissues, using comet assay, in the normal 

control group (A), RSE group (B), 35DPI group (C), and 35DPI+RSE group (D).  

 

 

 

Discussion 

Trichinella spiralis is an internal parasitic worm that 

has several distinct features that make up the disease 

referred to as trichinellosis or trichinosis. 

Trichinellosis is disadvantageous to food quality, 

detrimental to the human body, and can cause 

significant negative monetary impacts within the 

swine production industry [6,34] Other than causing 

the tissues of the intestines and muscles to suffer, 

infections with Trichinella spiralis can lead to fevers, 

headaches, myalgias, eosinophilia, and periorbital 

edema [2,35]. The results obtained today show that 

the ethanolic extract from rocket seeds had anti-

radical activity plus antioxidants; about 2.803 g of 

GAE per gram of total Phenols 0.779 g of CE per 

gram of total Flavonoids, and 3.482 g of TE per gram 

of DPPH as an antioxidant in the seeds. Rocket seeds 

are rich in sources of flavonols and other typical 

compounds, such as catechin, gallic acid, sinapic 

acid, ferulic acid, quercetin, and rosmarinic acid, 

which have some biological properties, particularly 

regarding their antioxidant properties. Conversely, 

Quercetin was overrepresented, this suggests that the 

seeds of rockets have both anti-inflammatory and 

anticancer properties. Our results concur with 

Barillari et al. [21] and Koubaa et al. [36] 

documented those rockets (Eruca sativa L.) 

possessed anti-inflammatory, antioxidant, and 

antibacterial properties. As a result, this research 

sought to investigate the therapeutic effects of rocket 

(Eruca sativa) seed extract on the tissue damage and 

DNA damage in the rat's tongue muscles associated 

with experimental infection with Trichinella. 
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Recent research has demonstrated that rats that are 

experimentally infected with Trichinella spiralis 

have varying levels of muscular damage in their 

tongues, hearts, diaphragms, and skeletal muscles. 

This is dependent on the degree of the infection or 

injury. As a result, the infection primarily harmed 

striated muscles and occasionally harmed smooth or 

cardiac muscles. The current results are in agreement 

with those of Yadav [37]; Basyoni and El-Sabah [38] 

and Alghabban [2] who documented that muscle 

cells infected with T. spiralis exhibited deleterious 

changes in the form of a disarray of the muscle fibers 

and a significant amount of T. spiralis being diffused 

across the muscle. 

Additionally, the results of the current study 

demonstrated that approximately 95% of encysted 

larvae were located in the skeletal muscles, with the 

remaining 5% being found in the diaphragm, tongue, 

and heart muscles. The histopathological analysis of 

the infected rats' tongues' muscle tissue revealed 

areas of coagulative necrosis as well as significant 

muscle fibrosis and general degenerative changes in 

the fibers. Conversely, infected skeletal muscles, the 

diaphragm, and heart muscles are comprised of T. 

spiralis larvae that are encysted in a collagen-based 

capsule except for the tongue. and there was a mild 

form of inflammation that was primarily composed 

of lymphocytes, eosinophils, and plasma cells. Other 

than the direct effects of the parasite itself, several 

different avenues lead to tissue destruction in 

trichinellosis. 

Recent histology research has demonstrated that the 

degree of infection has an effect on the pattern of 

inflammation in the rat's muscles. The response in 

the skeletal and diaphragm muscles, which have 

numerous confined larvae, is contrasted with the 

weaker inflammatory response in the heart and 

tongue muscles. The treatments of 35WPI with RSE 

demonstrated a significant enhancement of the 

tongue relative to the 35WPI group. Tongue sections 

from 35WPI +RSE showed a decrease in the number 

of non-encapsulated larvae with mild fibrosis and 

mild coagulative necrosis of muscle. The current 

results are in agreement with previous research by 

Etewa. [39] and Attia et al. [40], documented that in 

the skeletal muscles of mice with control parasites, 

multiple deposits of T. spiralis were encysted in the 

larvae and had mononuclear cells that surrounded 

the capsule. 

It's commonly understood that DNA damage accrues 

over time and that it's dependent on the time of 

exposure. The volume of parasitic proteins present 

also affects DNA damage; in Vietnamese, the 

production of animal products can cause all kinds of 

DNA damage. Apoptosis and cell cycle blockage are 

two separate processes that can be triggered by DNA 

damage in the germline of a nematode. The latter 

procedure is identical to the development of 

genetically programmed cell death and is 

specifically regulated. When organisms are 

subjected to stress and have a significant increase in 

ROS, their DNA is damaged and their processes of 

oxidative are impaired [42]. The current results 

indicate that the tongue in the 35DPI group had a 

higher degree of DNA damage than the normal 

control and RSE groups, as measured by increases in 

tail length, DNA%, and moments. Following a week 

of RSE (35DPI+RSE) exposure, this elevated DNA 

damage decrease can be attributed to the higher 

concentration of compounds with antioxidant 

properties, particularly Phenolic and Flavonoid 

compounds. These results indicate that increased 

amounts of free radicals caused by the infection with 

T. spiralis not only augment the host's defenses 

against the parasite but also lead to the deleterious 

effects of the infection on other cells. Additionally, 

the current results indicate that increased amounts of 

free radicals caused by the infection with T. spiralis 

not only augment the host's defense systems against 

the parasite but also cause damage to other cells via 

the free radical mechanism. Our results concur with 

those of Hafez et al. [43] who documented that; T. 

spiralis's experimental infection causes DNA 

damage and skeletal muscle apoptosis in mice. This 

outcome is in agreement with Kucukkurt's study. 
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[45] reported that; Babesia ovis caused oxidative 

stress and DNA damage in the Anatolian black goat. 

Conclusion 

The current results showed that; over 97% of the 

larvae were located in skeletal muscles, and about 

2.5% were located in both the diaphragm and the 

tongue. However, only about 0.5% were located in 

cardiac muscles. The muscles of the Tongue in 

35DIP exhibited DNA damage and severe tissue 

injury along with diffuse degenerative changes in the 

muscle fibers, these changes were accompanied by a 

large number of T. spiralis encysted larvae. 

Treatments of 35DIP with RSE resulted in a 

significant decrease in the average number of 

Trichinella spiralis, the DNA damage was inhibited, 

and the Tongue's muscles were improved. 

Acknowledgment  

The author would like to express gratitude to Dr. 

Ehab Tousson Lab, in the Department of Zoology, at 

the Faculty of Science, Tanta University, for his help 

during experiments and scientific guidance.  

Conflicts of interest 

The authors declare that there is no conflict of 

interest.  

Funding: None 

References 

1. Dimzas D, Diakou A, Koutras C, Morales MG, 

Psalla D, Keryttopoulos P, Deligianni D, 

Kontotasios K, Pozio E. Human 

trichinellosis caused by Trichinella britovi 

in Greece, and literature review. Journal of 

Helminthology. 2020 Jan;94: e33. 

2. Alghabban AJ, Bakr L, Elbatawy AA, El Atrash 

A, Tousson E. (2024). Impact of Saussurea 

lappa against foodborne parasite 

Trichinella spiralis experimental 

infections induced variation in DNA 

damage, oxidative stress and PCNA 

expression in rat skeletal muscles. 

Toxicology Research, 2024 Apr 

1;13(2):tfae047. 

3. Dupouy-Camet J, Raffetin A, Rosca EC, Yera H. 

Clinical picture and diagnosis of human 

trichinellosis. InTrichinella and 

trichinellosis 2021 Jan 1 (pp. 333-352). 

Academic Press. 

4. Han C, Yu J, Zhang Z, Zhai P, Zhang Y, Meng S, 

Yu Y, Li X, Song M. Immunomodulatory 

effects of Trichinella spiralis excretory-

secretory antigens on macrophages. 

Experimental parasitology. 2019 Jan 1; 

196:68-72. 

5. Al-Hakeim, H. K., Al-Ankoshy, A. M., & 

Alsharifi, M. R. (2016). Efficiency of 

Fetuin-A and Procalcitonin in the 

Diagnosis of Infection in Patients with 

Febrile Seizure. Acta facultatis medicae 

Naissensis, 33(1), 31. 

6. Basso W, Marreros N, Hofmann L, Salvisberg C, 

Lundström-Stadelmann B, Frey CF. 

Evaluation of the PrioCHECK™ 

Trichinella AAD kit to detect Trichinella 

spiralis, T. britovi, and T. pseudospiralis 

larvae in pork using the automated 

digestion method Trichomatic-35. 

Parasitology international. 2022 Feb 1; 

86:102449. 

7. Yayeh M, Yadesa G, Erara M, Fantahun S, Gebru 

A, Birhan M. Epidemiology, diagnosis and 

public health importance of Trichinellosis. 

Online Journal of Animal and Feed 

Research. 2020 May 27;10(3):131-9. 

8. Alghabban AJ. (2024). Therapeutic Potential of 

Coriander (Coriandrum sativum) Seeds 

Extract Treatment on Hematological and 

Biochemical Parameters in Healthy and 

Trichinella spiralis Infected Mice. 

Biomedical and Pharmacology Journal, 

2024 Feb 9;17(1). 

9. Bruschi F, Murrell KD. New aspects of human 

trichinellosis: the impact of new 

Trichinella species. Postgraduate Medical 

Journal. 2002 Jan;78(915):15-22. 

10. Bhunia AK. Foodborne microbial pathogens: 

mechanisms and pathogenesis. Springer, 

2018:151-65. 



Journal of Bioscience and Applied Research, 2024, Vol.10, No. 3, P.407-420             pISSN: 2356-9174, eISSN: 2356-9182            418          

 

11. Alankooshi, A. A., Tousson, E. M., Alam, S. S., 

& El-Atrash, A. M. (2023). Impact of 

damiana (Turnera diffusa) against 

amitriptyline induced heart injury, 

dysfunctions and DNA damage in male 

rats. Iraqi Journal of Veterinary Sciences, 

37(Supplement I-IV), 169-176. 

12. Fabre MV, Beiting DP, Bliss SK, Appleton JA. 

Immunity to Trichinella spiralis muscle 

infection. Veterinary parasitology. 2009 

Feb 23;159(3-4):245-8. 

13. Chaudhury A. Trichinellosis. In Textbook of 

Parasitic Zoonoses 2022 Sep 25 (pp. 415-

426). Singapore: Springer Nature 

Singapore. 

14. Mutar TF, Tousson E, Hafez E, Abo Gazia M, 

Salem SB. Ameliorative effects of vitamin 

B17 on the kidney against Ehrlich ascites 

carcinoma induced renal toxicity in mice. 

Environmental Toxicology, 2020; 35(4): 

528-537. 

15. Hasan, Ahmed Flayyih, et al. "Role of Salvia 

hispanica seeds extract on Ehrlich ascites 

model induced liver damage in female 

mice." Journal of Bioscience and Applied 

Research 10.2 (2024): 161-169. 

16. Tousson E, Shalaby SY, El-Gharbawy DM, 

Akela MA, Rabea M, Kandil EH. Impact 

of Coriandrum sativum seeds extract on 

albino rats’ testicular toxicity caused by 

carbendazim. Toxicology Research. 2023 

Dec;12(6):1152-8. 

17. Traka M, Mithen R. Glucosinolates, 

isothiocyanates and human health. 

Phytochemistry reviews. 2009 Jan; 8:269-

82. 

18. Alotaibi B, El-Masry TA, Tousson E, Alarfaj SJ, 

Saleh A. Therapeutic effect of rocket seeds 

(Eruca sativa L.) against hydroxyapatite 

nanoparticles injection induced cardiac 

toxicity in rats. Pak. J. Pharm. Sci. 2020 Jul 

1;33(4):1839-45. 

19. Izzularab BM, Tousson E, Abdo NI, Beltagy 

DM. Curative consequences of rocket 

seeds (Eruca Sativa) extract against lead 

nanoparticles induced renal dysfunction in 

rats. Biomedical and Pharmacology 

Journal. 2022 Mar 31;15(1):147-56. 

20. Jirovetz L, Smith D, Buchbauer G. Aroma 

compound analysis of Eruca sativa 

(Brassicaceae) SPME headspace leaf 

samples using GC, GC− MS, and 

olfactometry. Journal of agricultural and 

food chemistry. 2002 Jul 31;50(16):4643-

6. 

21. Barillari J, Canistro D, Paolini M, Ferroni F, 

Pedulli GF, Iori R, Valgimigli L. Direct 

antioxidant activity of purified 

glucoerucin, the dietary secondary 

metabolite contained in rocket (Eruca 

sativa Mill.) seeds and sprouts. Journal of 

Agricultural and Food Chemistry. 2005 

Apr 6;53(7):2475-82. 

22. Hasan, A.F., Hameed, H.M., Hadid, M.A., and 

Tousson, E. (2024). Impact of Chia (Salvia 

hispanica) Seeds Extract on Ehrlich 

Ascites Model Induced Kidney Toxicity in 

Female Mice. Asian Journal of Dairy and 

Food Research. DOI: 10.18805/ 

ajdfr.DRF-397. 

23. Yaniv Z, Schafferman D, Amar Z. Tradition, 

usages et Biodiversité de Roquette (Eruca 

Sativa, Brassicaceae) en Israel. Economic 

Botany. 1998 Oct; 52:394-400. 

24. Saqqa GA, Alian A, Ismail F, Ramzy S. 

Chemical composition of rocket, thyme 

and parsley essential oils and their effect 

on some fungi and aflatoxin production. 

MOJ Toxicol. 2018;4(4):77-282. 

25. Hasan, A. F., Alankooshi, A. A., Modher, M. N., 

El-Naggar, S. A., El-Wahsh, H. M., El-

Bagoury, A. E., ... & Kabil, D. I. (2024). 

Artemisia Annua Extract Ameliorates 

Hepato-Renal Dysfunctions in Obese Rats. 



Journal of Bioscience and Applied Research, 2024, Vol.10, No. 3, P.407-420             pISSN: 2356-9174, eISSN: 2356-9182            419          

 

Opera Medica et Physiologica, 11(2), 47-

65. 

26. Alam MS, Kaur G, Jabbar Z, Javed K, Athar M. 

Eruca sativa seeds possess antioxidant 

activity and exert a protective effect on 

mercuric chloride induced renal toxicity. 

Food and chemical toxicology. 2007 Jun 

1;45(6):910-20. 

27. Zhishen J, Mengcheng T, Jianming W. The 

determination of flavonoid contents in 

mulberry and their scavenging effects on 

superoxide radicals. Food chemistry. 1999 

Mar 1;64(4):555-9. 

 28. Pandey B, Rajbhandari M. Estimation of total 

phenolic and flavonoid contents in some 

medicinal plants and their antioxidant 

activities. Nepal Journal of Science and 

Technology. 2014;15(1):53-60. 

29. Hasan A, Alankooshi A, Abbood A, Dulimi A, 

Al-Khuzaay H, Elsaedy E, Tousson E. 

2023. Impact of b-glucan against Ehrlich 

ascites carcinoma induced liver toxicity in 

mice. Online journal of biological 

sciences. 23(1): 103-108. 

30. Kapel CM, Webster P, Gamble HR. Muscle 

distribution of sylvatic and domestic 

Trichinella larvae in production animals 

and wildlife. Veterinary parasitology. 

2005 Sep 5;132(1-2):101-5. 

31. Shalaby MA, Moghazy FM, Shalaby HA, Nasr 

SM. Effect of methanolic extract of 

Balanites aegyptiaca fruits on enteral and 

parenteral stages of Trichinella spiralis in 

rats. Parasitology research. 2010 Jun; 

107:17-25. 

32. Bancroft JD, Gamble M, editors. Theory and 

practice of histological techniques. 

Elsevier health sciences; 2008. 

33. Abd Eldaim, M.A., Tousson, E., Soliman, M.M., 

El Sayed, I.E.T., Abdel Aleem, A.A.H. 

and Elsharkawy, H.N., 2021. Grape seed 

extract ameliorated Ehrlich solid tumor-

induced hepatic tissue and DNA damage 

with reduction of PCNA and P53 protein 

expression in mice. Environmental 

Science and Pollution Research, 28, 

pp.44226-44238. 

34. Otranto D, Deplazes P. Zoonotic nematodes of 

wild carnivores. International Journal for 

Parasitology: Parasites and Wildlife, 

2019; 9: 370-383. 

35. Dupouy-Camet J. Helminth infections and their 

impact on global public health (No. 

15136). F. Bruschi (Ed.). Springer Vienna, 

2014. 

36. Koubaa M, Driss D, Bouaziz F, Ghorbel RE, 

Chaabouni SE. Antioxidant and 

antimicrobial activities of solvent extract 

obtained from rocket (Eruca sativa L.) 

flowers. Free Radicals and Antioxidants. 

2015 Jan 28;5(1):29-34. 

 37. Yadav AK. Temjenmongla. Anthelmintic 

activity of Gynura angulosa against 

Trichinella spiralis infections in mice. 

Pharmacologyonline, 2006; 2: 299-306. 

38. Basyoni MM, El-Sabaa AA. Therapeutic 

potential of myrrh and ivermectin against 

experimental Trichinella spiralis infection 

in mice. The Korean journal of 

parasitology. 2013 Jun;51(3):297. 

39. Etewa SE, Fathy GM, Abdel-Rahman SA, El-

Khalik DA, Sarhan MH, Badawey MS. 

The impact of anthelminthic therapeutics 

on serological and tissues apoptotic 

changes induced by experimental 

trichinosis. Journal of parasitic diseases. 

2018 Jun; 42:232-42. 

40. Attia RA, Mahmoud AE, Farrag HM, Makboul 

R, Mohamed ME, Ibraheim Z. Effect of 

myrrh and thyme on Trichinella spiralis 

enteral and parenteral phases with 

inducible nitric oxide expression in mice. 

Memórias do Instituto Oswaldo Cruz. 

2015 Dec 11;110(8):1035-41. 

41. Bekish VY, Durnev AD. Damage to cell DNA in 

the bone marrow and testes of mice with 



Journal of Bioscience and Applied Research, 2024, Vol.10, No. 3, P.407-420             pISSN: 2356-9174, eISSN: 2356-9182            420          

 

experimental trichinosis. Bulletin of 

Experimental Biology and Medicine. 2004 

Sep; 138:284-7. 

42. El-Aarag B, Attia A, Zahran M, Younes A, 

Tousson E. New phthalimide analog 

ameliorates CCl4 induced hepatic injury in 

mice via reducing ROS formation, 

inflammation, and apoptosis. Saudi journal 

of biological sciences. 2021 Nov 

1;28(11):6384-95. 

43. Hafez EN, El-Kholy WA, El-Kholy MA. 

Amelioration of Myogenin, Bcl-2 

expression and DNA damages in myocytes 

of Trichinella spiralis-infected mice after 

immunization with gamma radiation 

attenuated larvae. International Journal of 

Radiation Research. 2020 Oct 

1;18(4):699-706. 

44. Kucukkurt I, Cigerci IH, Sinan IN, Kozan E, 

Aytekin I, Eryavuz A, Fidan AF. The 

effects of babesiosis on oxidative stress 

and DNA damage in Anatolian black goats 

naturally infected with Babesia ovis. 

Iranian journal of parasitology. 2014 

Mar;9(1):90. 

 


	Impact of supplementing of rocket (Eruca sativa) extract against foodborne parasite Trichinella spiralis experimental infections induced rat tongue muscles toxicity and DNA damage

