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ABSTRACT
Introduction: Trichinella spiralis is the cause of trichinosis disease. The recommended treatments, Mebendazole or 
Albendazole, have many side effects that can hardly eliminate encysted larvae. Flavone, a plant-derived compound, has shown 
promising anti-parasitic, antioxidant, and immunomodulatory properties, offering a natural and safer alternative.
Objective: The current study aims to evaluate the potential therapeutic effect of Flavone alone and in combination with 
Mebendazole on the muscular phase of Trichinella spiralis infection in experimentally infected mice.
Methodology: This experiment was performed on 20 mice (Swiss.albino) divided into Group-I, a healthy control; Group-
II, infected-untreated; Group-III, infected and Mebendazole-treated; Group-IV, infected and Flavone-treated; and Group-V, 
infected and Flavone+ Mebendazole-treated. Drugs assessment was done on day 35 post-infection (PI) and involved counting 
of the encysted larvae and the histopathological evaluation of the muscle specimens.
Results: Mebendazole + Flavone-treated mice recorded significant reductions in the mean counts of the encysted larva with 
percentage of reduction (efficacy) 94.53% followed by the Flavone-treated mice (83.95%). Yet, the efficacy of Mebendazole 
in treated mice was 74.13%, P value < 0.05. The nurse cell length and inflammatory cell counts recorded the least values in 
the Mebendazole + Flavone-treated mice followed by the Flavone-treated group compared to their values in Group-II and 
Group-III.
Conclusions: Flavone seemed to be an effective and safe alternative to Mebendazole. Nevertheless, mebendazole + Flavone 
revealed more promising results against T. spiralis infections than sole therapies.
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INTRODUCTION                                                                  

Human trichinellosis is one of the most prevalent 
parasitic zoonoses globally, arising from nematode 
infections within the Trichinella genus. The main way the 
infection spreads is by consuming undercooked meat that 
contains larvae[1].

This parasite has the potential to cause significant 
health complications. People who are infected often suffer 
symptoms such as muscle pain, fever and gastrointestinal 
disturbances. If left untreated, trichinellosis can result in 
serious complications. Infection remains of a significant 
concern, especially in regions where undercooked or raw 
meat consumption is common[2].

The current treatment of Trichinella infection typically 
involves using antiparasitic chemical Medications, 
especially benzimidazole derivatives like Mebendazole or 
Albendazole to eliminate the parasite[2].

The current treatment of Trichinella infection typically 
involves using antiparasitic chemical medications, 
especially benzimidazole derivatives like Mebendazole 
or Albendazole to eliminate the parasite[2]. The anti-
helminthic spectrum of Mebendazole and Albendazole are 
similar[3]. These medications and their metabolites directed 
against parasites in the intestinal and extra-intestinal 
tissues[4]. However, these medications are associated with 
various side effects and are inefficient in encysted larvae 
eradication. Furthermore, some show minimal absorption 
and high resistance. These restrictions highlight the 
necessity for new, efficient, and secure treatments for 
trichinellosis[3,4].

Medicinal herbs offer a hopeful alternative or adjuvant, 
as they are more affordable, less harmful, and lack the 
adverse side effects of chemical drugs. One particular 
compound found in plants, known as Flavone, a subclass 
of the Flavonoids family, is recognized for various 
activities, for example, possessing antioxidant, anti-
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inflammatory, antimicrobial, antiparasitic, and anticancer 
properties[5,6,7,8,9]. To the best of our knowledge, the effect 
of Flavone on trichinellosis has not been assessed yet. 

As a step towards this family of Phytotherapy, this 
study aimed to assess the effects of Flavone solely 
and in combination with mebendazole treatment on T. 
spiralis infection in the muscular phase in murine models 
through evaluating parasitological and histopathological 
parameters.

METHODOLOGY                                                                    

Trial animals

The experiment was performed on 20 mice (Swiss.
albino), 30 ± 5 grams weight and 9–11 weeks of age. The 
animals were kept in the biological unit of TBRI in fitted, 
aired cages at 24°C temperature. They were held onto a 
routine diet including twenty four percent protein, four 
percent fat, and about five percent fiber and water. Safe 
disposal for the mice’s waste and for the dead mice was 
done.

Parasites isolation and preparation of the inoculums

larvae of T. spiralis were taken from infested mice, 
provided by the Medical Parasitology Department, 
TBRI. Stool examination was done to exclude any other 
intestinal parasitic infection. murine muscles were cut 
into small pieces and placed in a glass beaker containing 
artificial gastric juice. The composition of this juice is 1% 
pepsin (w/v) mixed with one percent HCl (v/v) in distilled 
water. The mixture was incubated overnight at 37°C to 
ensure complete muscle digestion, facilitating the larva 
extraction[10]. A copper sieve with 50 mesh per inch was 
initially used to filter larger particles, followed by a two 
hundred mesh/inch finer sieve to capture all the larvae that 
excysted. Then the larvae were rinsed two to three times 
with distilled water and placed in a flask for approximately 
30 minutes to allow sedimentation. Afterward, the 
supernatant was gently removed with a 10 ml syringe, and 
the live larvae (coiled and mobile) in the sediment were 
counted using a hemocytometer. The inoculums for each 
mouse (from group II to group V) were adjusted to contain 
about 500 larvae[10].

Study design

The mice were split into five groups of 4 mice each:

•	 Group Ι: Non-infected non-treated (healthy 
control).

•	 Group ΙΙ: Infected non-treated.

•	 Group III: Infected treated with Mebendazole.

•	 Group IV: Infected treated with Flavone. 

•	 Group V: Infected treated with Mebendazole and 
Flavone.

Drug administration 

Mebendazole was given in a dosage of fifty milligram 
per kilogram after the infection on day 30 for five 
consecutive days[11,12], and Flavone was administered in a 
dosage fifty milligram per kilogram after the infection on 
day 30 for five consecutive days[13].

Testing the drug effects

Parasitological examination. The recognition and 
enumeration of encapsulated larvae were performed after 
35 days from the infection, where the diaphragms and 
thighs of the diseased mice were chopped into tiny pieces, 
weighed, and compressed on microscopic slides for larval 
counting under a light microscope (low magnification 
power x10). For each treatment, the therapeutic effects were 
assessed by the mean counts of encysted larvae per gram 
muscle tissue[11]. The effectiveness for each therapy was 
computed according to an equation previously described 
by García et al.[14].

Percentage of reduction (efficacy) =

(mean counts of encysted larvae in GroupII-mean counts 
of encysted larvae in the treated group)

                                                                               ×100
(mean counts of encysted larvae in GroupII)

Histopathological assessment.  Muscle samples were 
gathered from mice sacrificed on day 35 after the infection. 
The samples were placed in 10% buffered formalin that 
is neutral for one day, then de-hydrated in increasing 
concentrations of Ethanol, cleaned with xylene, implanted 
in blocks of paraffin, and sectioned into 5 μm thick slices 
via microtome. followed by staining with Haematoxylin 
and Eosin (H&E) for histopathological examination to 
evaluate the extent of the disease and treatment effects[10,15], 
where sections were analyzed using an Olympus CX41RF 
microscope, digital images were captured via an Olympus 
SC30 camera, and muscle sections were evaluated for nurse 
cell length, and inflammatory cell counts per high-power 
field (40× magnification), with the assessment conducted 
in 10 power fields per mouse and mean values calculated.

Statistical analysis of data

Pre-coded data was processed and statistically analysed 
by utilizing the statistical package of the social science 
software (SPSS), version 21. Data has been summarized 
using SD and mean for quantitative variables that are 
distributed normally or median and IQR for abnormal 
distributed quantitative variables. Number and percentage 
were utilized for description of qualitative variables. The 
test of Chi-square was utilized to compare variables that 
are qualitative, the non-dependent T-test has been utilized 
for regularly distributed quantitative variables among 
groups, and Nonparametric Mann-Whitney tests were 
applied for non-normally distributed quantitative data. The 
paired sample t-test and Wilcoxon Signed-Rank test have 
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been utilized for the examination of paired data. Additional 
statistical tests were utilized if required. P-values less than 
0.05 were deemed statistically significant[16,17,18].

Ethical considerations
The protocol of this study was agreed by the ethical 

committees of The Armed Forces College of Medicine 
(AFCM) serial number (343) and Theodor Bilharz 
Research Institute (TBRI) serial number PT (832). All 
trials were carried out agreeing to the guidelines of Clinical 
and Laboratory Standards Institute (CLSI).

RESULTS                                                                                   

Parasitological results
The drugs’ impact through the phase of muscular 

invasion was assessed in each group by enumerating the 
larvae/gram of muscle tissue/group, (Figure 1). The mean 
larvae count / group and percentage of reduction are 
presented in (Table 1).

Fig. 1: Larvae of T. spiralis under light microscope (10× magnification)

Table 1: Trichinella larvae count expressed as Mean ± SD/gram 
muscle and percentage of reduction in infected non-treated and 
infected treated groups

Groups Larvae count (Mean ± SD) Percentage of reduction 

Group (II)
(Infected non-treated)

2846.5 ± 37.76 -

Group (III)
(Infected treated 
with Mebendazole)

736.3 ± 48.46 # 74.13%

Group (IV) 
(Infected treated 
with Flavone)

457 ± 24.52 #$ 83.95%

Group (V) 
(Infected and treated 
with Mebendazole 
and Flavone)

155.8 ± 30.30 #$@ 94.53%

#:  There is a difference which is significant when compared to (Group 
II) (P-value < 0.05), $:  There is a difference which is significant when 
compared to (Group III) (P-value < 0.05), @: There is a difference which 
is significant when compared to (Group IV) (P-value < 0.05)

The mean larvae count / muscle in infected treated 
groups (III, IV, and V) was reduced to (736.3±48.46, 
457±24.52, and 155.8±30.30, respectively) with a 
statistically significant difference (P value = < 0.05) versus 
the infected nontreated (2846.5 ± 37.76) (Graph 1).

Graph 1: Mean number of Trichinella larvae / gram muscle tissue / group 
among the studied groups

As demonstrated in (Table 1), the highest percentage 
of reduction in larvae count (94.53%) was found in the 
group infected treated with Mebendazole + Flavone, 
followed by the group infected and treated with Flavone 
solely (83.95%), with statistically significant difference 
(P value < 0.05) versus that group infected treated with 
Mebendazole (74.13%) (Graph 2).

Graph 2: Percentage reduction of Trichinella spiralis larvae count among 
infected treated groups

Histopathological results

Haematoxylin and eosin stained-muscle sections were 
assessed for nurse cell length and inflammatory cell count/
muscle field, (Figure 2).

Concerning the nurse cell length, the infected non-
treated group measured (374.62µm ± 6.44). It was 
decreased to (247.68µm ± 9.26) in infected treated with 
Mebendazole sole therapy. The group infected treated with 
Flavone solely showed further decreases in the nurse cell 
length (191.36 µm± 1.25). The shortest length was scored 
with that group infected treated with both Mebendazole + 
Flavone (110.96µm ± 8.96), with a statistically significant 
difference (P value < 0.05) (Table 2, Graph 3).
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Table 2: Infected non-treated group compared to the infected 
treated groups (III, IV, V) regarding nurse cell length and 
inflammatory cell count expressed as Mean ± SD/muscle field 
(40× magnification)

Groups Nurse cell length (µm)
(Mean ± SD)

Inflammatory cell count
(Mean ± SD) 

Group (II)
(Infected non-treated)

374.62 ± 6.44 83.5 ± 3.03 

Group (III)
(Infected treated 
with Mebendazole)

247.68 ± 9.26 # 196.7 ± 2.21 #

Group (IV) 
(Infected treated 
with Flavone)

191.36 ± 1.25 #$ 67.6 ± 4.6 #$

Group (V) 
(Infected and treated 
with Mebendazole 
and Flavone)

110.96 ± 8.96 #$@ 64.3 ± 1.89 #$

#:  There is a difference which is significant when compared to (Group 
II) (P-value < 0.05), $:  There is a difference which is significant when 
compared to (Group III) (P-value < 0.05), @: There is a difference which 
is significant when compared to (Group IV) (P-value < 0.05)

Graph 3: Inflammatory cell counts and nurse cell length of T. spiralis 
larvae/muscle field between the infected non-treated and infected treated 
groups (40× magnification)

The inflammatory cell count recorded the highest 
count in the infected mice treated with Mebendazole sole 
treatment (196.7 ± 2.21), followed by the infected non-
treated group (83.5 ± 3.03), while in the infected mice 
treated with Flavone sole therapy it was (67.6 ± 4.6), and 
in infected- (Mebendazole + Flavone) treated animals 
was (64.3 ± 1.89) with a statistically significant difference                   
(P value < 0.05) (Table 2, Graph 3).

The group infected and treated with Mebendazole + 
Flavone and the group infected and treated with Flavone 
sole therapy showed a statistically significant reduction 
compared with the infected Mebendazole-treated animals 
and the infected non-treated group, (Table 2).

DISCUSSION                                                                                  

In this study, concerning parasitological assessment 
during muscular phase, it was found that the combination of 
Mebendazole + Flavone caused significant larval reduction 
achieving the best results in treating muscular trichinosis 
with a (94%) reduction in larvae count. This was followed 
by the Flavone-treated subgroup with an (83%) reduction. 
Lastly, Mebendazole-treated subgroup recorded the lowest 
percentage of reduction (74%). 

In accordance with this study, Maged et al.[19] 

reported the profound impact of the combination therapy 
(kaempferol (a flavonoid) + Albendazole) on the parasite 
burden in muscle tissues with percentage of reduction 
(85%) followed by kaempferol (78%) then the group 
treated with Albendazole (75%). 

Fig. 2: H & E-stained muscular sections from the five groups showing differences in the nurse cell length, and inflammatory cell count. A. Group (I): 
transverse sections of normal muscle appearance with regular muscle bundles. B1. group (II): showing living Trichinella larvae (black pointer) within the 
nurse cell (yellow pointer) surrounded by infiltrates of lymphoplasmacytic cells (red pointer). B2. group (II) showing cluster of larvae (black pointer) bounded 
by moderate inflammatory cellular infiltrates (red pointer). C. group (III): showing Trichinella larva (black pointer) within the nurse cell (yellow pointer) 
surrounded by intense infiltrates of lymphoplasmacytic cells (red pointer). D. group (IV): showing degenerated Trichinella larvae (black pointer), disrupted 
nurse cell (yellow pointer) surrounded by mild lymphoplasmacytic cellular infiltrate (red pointer). E. Group (V): showed normal muscle bundles, disrupted 
nurse cell (yellow pointer), no larvae (black pointer), and mild inflammatory cells (red pointer) (40× magnification).
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Huang et al.[20] showed that Sanguinarine (flavonoid 
derivative) could significantly reduce the burden of 
worms through all stages of the disease in mice. Similarly, 
El-Melegy et al.[21] reported that Mebendazole as sole 
therapy resulted in a (40.18%) percentage of reduction. 
Many studies likewise, documented the lower percentage 
of reduction when using Albendazole[10,22]. These low 
percentages of reduction could be attributed to lower 
doses used and the duration of treatment[23,24]. On the other 
hand, Chai et al.[25] stated that Mebendazole demonstrated 
superior efficacy in reducing muscle larvae in mice, 
achieving a (96%) reduction rate.

Regarding histopathological assessment, in this work, 
the infected non-treated subgroup revealed numerous 
larvae encysted in thick capsules, surrounded by 
inflammatory cellular infiltrates.  It was also observed 
that the Mebendazole-treated subgroup induced a marked 
inflammatory response, leading to a reduction in nurse cell 
length and disruption of the larvae. 

Similarly, El-Melegy et al.[21] and Fredericks et al.[26] 

found that Mebendazole caused partial fragmentation in 
the encapsulated larvae structure with heavy lymphocytic 
infiltration. Likewise, Attia et al.[27] and El-Wakil et al.[28,29] 
reported a marked inflammatory reaction around the 
thick capsules and between muscle fibers in T. spiralis 
infected-non-treated group and infiltration of inflammatory 
cells surrounding and invading the larval capsules in 
Albendazole-treated group.

On the other hand, in this study Flavone elicited a 
minimal inflammatory response. However, it significantly 
reduced the length of the nurse cell. This disrupting effect 
emphasizes the pharmacological activity of the Flavonoids 
to target intracellular pathogens[30]. 

The combined treatment intensively disrupted the 
inflammatory capsule surrounding the infected myocyte 
with the lowest counts of immune cells. Also, the larvae 
appeared as thinned remnants.

Similar histopathological alterations were reported by 
Attia et al.[27] when Albendazole was applied in combination 
with myrrh, which contains flavonoids. Also, El-Wakil et 
al.[29] used Albendazole in conjugation with berberine, a 
plant-derived compound, and showed a mild inflammatory 
reaction with increased disruption of nurse cell structures.

CONCLUSIONS                                                                  

The current study showed that the combined treatment 
(Mebendazole + Flavone) was the most effective in T. 
spiralis infection muscular phase. The combined treatment 
reduced larvae burden, shortened nurse cell length, and 
minimized inflammatory cells. Flavone alone reduced 
larvae burden with mild inflammatory cell infiltration. 
Mebendazole alone showed the highest inflammatory cell 
infiltration, still had the lowest impact on T. spiralis nurse 
cell.

Prospects for further evaluation of Flavone on the 
intestinal phase is recommended. 

ABBREVIATIONS                                                                       

T. spiralis: Trichinella spiralis, PI: Post infection, C: 
Celsius, H&E: Haematoxylin and Eosin , AFCM: Armed 
Forces college of Medicine, TBRI: Theodor Bilharz 
Research Institute .
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