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ABSTRACT 
 

Trichomonas gallinae is a protozoan parasite that lives in the upper gastrointestinal tract of birds. Recently, the 
hemolymph of Galleria mellonella has been widely used as an anti-parasitic drug. The present work aimed to 
investigate the inhibitory activity of an alcoholic extract of G. mellonella hemolymph (AEGmH) on T. gallinae in 
vitro compared with that of metronidazole using wet smear and vital stain acridine orange (AO). The results showed 
that the degree of growth inhibition of Trichomonas was based on the AEGmH concentration. Furthermore, the 
highest reduction of parasitic growth (100%) was observed in cultures treated with 25, 12.5, and 6.25mg/mL AEGmH 
before 24h. Moreover, the same results were detected in cultures treated with 3.1 and 1.6mg/mL AEGmH, but after 
48h, and doses of AEGmH (0.8 and 0.4mg/mL) after 96h. In comparison, complete inhibition of parasite growth 
(100%) was obtained by metronidazole at 25mg/mL after 72h. Besides, light microscopy observations revealed 
changes in trophozoites' morphology in culture treated with AEGmH. We concluded that the alcoholic extract of 
hemolymph of G. mellonella is suitable to counter trichomoniasis in vitro and showed antiprotozoal potential.  
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INTRODUCTION 
 

Trichomonas gallinae is a flagellated protozoan 
parasite belonging to the family Trichomonadidae, a 
group of anaerobic protozoa causing disease in domestic 
animals and humans (Arfin et al. 2019). It generally 
influences the respiratory tract and upper digestive 
system, especially the crop and esophagus, of different 
avian species, causing avian trichomoniasis (Park 2011). 
The life cycle of T. gallinae includes two stages: motile 
trophozoite and non-motile pseudocyst (Marchiondo et al. 
2019). T. gallinae is considered one of the most serious 
pathogens in pigeons globally, causing high mortality in 
young pigeons within 10 days of infection (Santos et al. 
2020). It can cause granulomatous lesions within the 
digestive tract of affected birds. The lesions range from 
mild to severe inflammation, eventually leading to death 
by starvation (Amin et al. 2014). Through phylogenetic 
studies, Maritz et al. (2014) proved the possibility of 
zoonotic transmission of trichomonad parasites from 
humans to birds and vice versa. 

Trichomoniasis diagnosis depends on microscopic 
evaluation of motile stages. Furthermore, other 

Romanowsky and Giemsa stains are commonly used to 
diagnose direct smears of T. vaginalis. However, the fast 
loss of the characteristic motility of the Trichomonas and 
scanty or rounded forms of trichomonads can be confused 
with polymorphonuclear leukocytes or dysplastic cells. As 
a result, wet smear evaluation is considered an insensitive 
technique for diagnosing infection (Khatoon et al. 2014). 
Recent reports recommended the usage of acridine orange 
dye to determine the viability of Trichomonas 
trophozoites, where it improved the ability to diagnose 
Trichomonas infection (Doshi 2017). Acridine orange is a 
non-specific nucleic acid stain that can be applied for 
fluorescence-based detection of Trichomonas infection. It 
is more sensitive than the wet mount, and it has been 
introduced as the standard method for the diagnosis of 
infection (Harrington and Gaydos 1984). 

Metronidazole, or Flagyl, is a 5-nitroimidazole 
compound utilized to treat various pathogenic protozoa-
induced infections, such as Trichomonas, Entamoeba, and 
Giardia (Löfmark et al. 2010). Nitroimidazole products 
such as tinidazole and metronidazole are the typical 
choices for treating avian trichomoniasis (Seddiek et al. 
2014). These drugs have the possible disadvantages of
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carcinogenicity due to damaging DNA, proteins, and cell 
membranes (Baccega et al. 2021), as well as the 
development of drug resistance in some strains (Dingsdag 
and Hunter 2018). In addition, the long-term 
administration of these drugs can lead to toxicity and 
carcinogenicity (Baccega et al. 2021). 

Recently, insects and their products have become 
essential ingredients in drug preparation across the globe. 
The therapeutic efficacy of insects results from a massive 
contribution to the nature conservation controversy and 
the opening of perspectives on the economic and cultural 
value of animals that have historically been overlooked 
(Ratcliffe et al. 2011). As many insects can survive harsh 
conditions such as microorganism infestation, the 
gastrointestinal tract, and dead flesh, it is not surprising 
that they have good immune defenses to combat infection. 
Specifically, insects have humoral and cellular innate 
immune defenses (Xiao et al. 2013). Humoral anti-
microbial peptides (AMPs) are essential for developing 
new antibiotic drugs (Ratcliffe et al. 2014). 

Shittu et al. (2013) reported that the methanol extract 
of Musca domestica maggots had anti-plasmodial activity. 
In addition, Lacerda et al. (2016) mentioned that the anti-
parasitic activity of insect peptides was an interesting tool 
for treating neglected disorders, including leishmaniasis, 
malaria, and Chagas disease. Farghaly and Sadek (2020) 
investigated the trypanocidal efficacy of methanol extracts 
of the hemolymph of Sarcophaga argyrostoma larvae 
against Trypanosoma evansi-infected mice. Recently, 
several research groups have focused on using the 
hemolymph of the greater wax moth Galleria mellonella 
because it is a source of AMPs, or host defense peptides, 
acting as part of the innate immune response (Andrejko et 
al. 2014). Such peptides are active antibiotics acting 
against various microbes that can be novel therapeutic 
agents (Ageitos et al. 2017). Anti-microbial peptides also 
appear to destabilize biological membranes, may form 
transmembrane channels, and may even have the potential 
to boost immunity by acting as immunomodulators, unlike 
most traditional antibiotics (Reddy et al. 2004). G. 
mellonella larva has many advantages, including being 
widely available, procurable at a low cost, having no costs 
associated with breeding, no need for cultures or colonies 
to be preserved, and no need for other specialized 
equipment to house the larvae (Desbois and Coote 2012). 

Patiño-Márquez et al. (2018) noted for the first time 
the anti-parasitic potential of peptides derived from the 
hemolymph of G. mellonella, such as anionic peptide 2 
and cecropin-D peptides. El-Dirany et al. (2021) identified 
the major families of anti-leishmanial AMPs (cecropin, 
melittin, defensin, cathelicidin, temporin, magainin, 
eumenitin, dermaseptin, and histatin), as well as their 
potency against other pathogens. Against this background, 
we aimed to explore the efficacy of different 
concentrations of alcoholic extract of hemolymph of G. 
mellonella larva as an antitrichomonal drug in vitro. 
 

MATERIALS AND METHODS 
 
Ethical approval 

Birds were collected and sampled as per the 
instructions of the Institutional Animal Care and Use 
Committee, National Research Centre Animal Care Unit 

in Egypt, which are compliant with the International 
Animal Ethics Committee (8th Edition 2011) 
guidelines by the Institute for Laboratory Animal 
Research (ILAR); Division of Earth and Life Studies 
(DELS); National Research Council (Record number: 
13799, legacy ID: 8247), and the regulations and local 
laws. 
 
Collection of Galleria mellonella larvae 

Newly emerged larvae of G. mellonella were 
collected from the Apis Research Department, Research 
Institute of Plant Protection, Center of Agriculture 
Research, and reared on an artificial diet, as reported by 
Kulkarni et al. (2012). Hemolymph was collected from 
the last proleg using a syringe in an Eppendorf tube and 
kept at 0°C for a few days, and after that lyophilized to 
powder according to LaTorre-Snyder (2017). 
 
Preparation of alcoholic extract of hemolymph 

Three grams of the powder were percolated in 24mL 
of absolute ethanol and stored in the shade for 48h, and 
then it was filtered. The filtrate was gathered in a beaker, 
exposed to air, and permitted to evaporate at room 
temperature to yield an extract concentrate (Shittu et al. 
2013). 
 
Sample preparation and analysis using gas 
chromatography-mass spectrometry (GC- MS) 

For the chemical composition analysis of the 
alcoholic extract of hemolymph, sterile water was used to 
dilute hemolymph samples 1:1000, and 10μL of this was 
transferred to a 1.5mL microcentrifuge tube. The aliquots 
were lyophilized overnight in a Lyophilizer Freeze Dryer 
(Labconco, Kansas City, MO, USA) to desiccate the 
samples. After that, samples were stored at -80°C for up 
to three days (Mayack et al. 2020). The analysis was 
performed according to Mayack et al. (2019). Samples 
standards were analyzed using an Agilent 7890 Gas 
Chromatograph (GC)/5975C Mass Spectrometer (MS). 
 
Parasite collection and culture 

This study was conducted at the Animal Health 
Research Institute, Department of Parasitology, Assiut, 
Egypt. T. gallinae parasites were collected from 
apparently healthy squabs. A total of 50 squabs aged 
between 30 and 90 days old were purchased from local 
markets in different parts of Assiut city. Samples were 
collected from the upper digestive tract (mouth and crop) 
using moistened microbiology swabs, in accordance with 
the procedure reported by Samour and Naldo (2003). 

Wet specimens were made to ensure that the 
trichomonads were still active (flagellar motion). The 
swabs were spread over microscopy slides and examined 
microscopically at ×100 and ×400 magnifications. To 
identify the trichomonads' morphological characteristics, 
permanent slides were prepared and stained with Giemsa, 
in accordance with the work of Soulsby (1986). 

The positive samples were cultured in vitro by 
immersing the swabs in a sterilized falcon tube containing 
beef extract–glucose peptone medium (growth medium-
ATTC) at pH 7.4–7.6 (El-Sayed 2005) and incubated at 
38°C until the number of parasites reached 104 ml. The 
tubes were examined daily for the presence of parasites by 



Int J Vet Sci, 2023, 12(3): 302-308. 
 

 304 

microscopic examination using one drop from the bottom 
of the tube, per the work of Abd-El-Motelib and Galal 
(1994). 
 
In vitro studies 

The minimum inhibitory concentration (MIC) was 
calculated as the lowest concentration of treatment that 
noticeably restricts the growth of Trichomonas, as 
previously reported by Meingassner and Thurner (1979). 
This step was crucial for in vitro assay. 

To evaluate the effect of AEGmH on the growth of T. 
gallinae, 104 trophozoites were incubated in a glucose-
serum broth medium containing AEGmH in different 
concentrations (25, 12.5, 6.25, 3.1, 1.6, 0.8, and 
0.4mg/mL). Moreover, controls included cultures 
involving only the parasites and cultures treated with 
metronidazole (25mg/mL). All drugs were tested three 
times, and the growth of T. gallinae was examined by 
taking 10µl of the sample every 24, 48, 72, 96h, and 120h 
at 38°C post-inoculation.  
 
Data analysis 

The impacts of AEGmH and MTZ on the growth 
inhibition of T. gallinae were evaluated by comparing the 
trophozoites numbers in treated cultures with the numbers 
in untreated cultures using a hemocytometer (Neubauer 
Improved, bright line; Germany). 

The percentage inhibition of multiplication was 
determined using the following equation: 

 Percent of growth inhibition =
௔ି௕

௔
 100 

Where, a = the average number of trophozoites found in 
control tubes 
b= the average number of trophozoites found in the tested 
tubes (Palmas et al. 1984). 
 
Processing of smears 

A drop of the freshly prepared sample was obtained on 
a clean slide and allowed to dry in the air. Air-dried film 
was fixed in absolute methanol by briefly immersing the 
film (two dips) in a Petri dish containing absolute 
methanol, after which it was left to dry. Two smears were 
made from each swab: one was used for Giemsa staining 
and the other for acridine orange (vital stain AO) staining. 
 
Giemsa staining 

Fixed smears were stained with diluted Giemsa stain 
(2 drops of stock solution+1mL of distilled water) for 
20min. The film was then washed by briefly immersing 
the slide in a jar containing buffered water (one or two 
dips), after which it was left to dry in an inclined position 
(Soulsby 1986). It was assessed under the oil immersion 
lens of the microscope to detect any morphological 
changes in the treated samples. 
 
Acridine orange staining 

For buffered, low pH acridine orange (AO) staining, 
the stain from a commercial kit (Biodiagnostic Co., 
Dokki, Giza, Egypt) was used, as described in the 
manufacturer's guidelines. Fixed smears were stained with 
AO for 2 min, washed off with water, and then covered 
with a cover slide (Harrington and Gaydos 1984). Stained 
smears were evaluated under a fluorescence microscope 

(with a 470    -  490nm filter) at a magnification of 40 
(Olympus Corporation of America, New Hyde Park, NY). 
 
Interpretation of the microscopic findings 
Green: living T. gallinae 
Green/red: damaged T. gallinae 
Red: dead T. gallinae 
 
Statical analysis 

The study used a factorial design with three 
replications and followed a randomized design. To 
establish the significance of differences between treatment 
means, the analysis of variance (ANOVA) approach was 
used in conjunction with SPSS 16 (SPSS Inc, USA) 
software. 
 

RESULTS 
 

The major chemical compounds of the GC-MS 
analysis for the alcoholic extract of G. mellonella 
hemolymph are presented in Table 1 and Fig. 1. 
Moreover, we assessed the potential impact of AEGmH 
on the survival of trophozoites of T. gallinae in vitro 
compared to metronidazole (MTZ). The in vitro study 
results revealed the high sensitivity of T. gallinae to 
AEGmH; so that with high concentrations of extract at 25, 
12.5, and 6.25mg/mL at 24h (minimum time), showed a 
100% mortality rate. Meanwhile, lower concentrations of 
AEGmH extract (3.1 and 1.6mg/mL) also caused 100% 
inhibition of growth of T. gallinae trophozoites at 48h 
post treatment. The lowest doses of AEGmH extract (0.8 
and0.4 mg/ml) showed complete inhibition after 96h. 
Cultures treated with MTZ (25mg/mL) also showed a 
complete reduction of parasite growth after 72h (Table 2, 
Figs. 2 and 3).  

Furthermore, the morphological features of fresh 
isolates from both the crop of naturally infected squabs 
and untreated culture revealed the presence of flagellated, 
actively motile trophozoites. In stained smears, the 
trophozoites were pear-shaped with four free flagella on 
their anterior aspect, an axostyle on the posterior end, and 
their nucleus located at the anterior third (Fig. 4a and b). 
The trophozoites measured 10.5–13.5×3–7.5µm. 
Trophozoites with low concentrations of AEGmH (5–7) 
were mostly spherical in shape (Fig. 4d) and sluggishly 
motile, while dead trophozoites were distorted (Fig. 4c). 

Besides, the fluorescence microscopy examination of 
the slides  stained  with  acridine  orange  revealed that the  
 
Table 1: List of chemical compounds in alcoholic extract of 
Galleria mellonella hemolymph from GC-MS analysis. 
Compound % Compound % 
Gm-prolinerich peptide 1 4.2 a-Glycerophosphate 2.1 
Gm-defensin-like peptide 2.9 Citric acid 2.95 
Gm-anionic peptide 1 0.9 Cobatoxin 12.9 
Gm-anionic peptide 2 1.4 Fructose 0.40 
Malic acid 0.92 Glucose 0.42 
L-Aspartic acid 0.13 Glucitol 0.13 
Pyroglutamic acid 3.35 Glucaric acid 0.1 
2-Ketoglutaric acid 0.60 Sucrose 0.19 
L-Glutamic acid 0.8 Moricin-B 22.15 
Cecropin A 19.3 Moricin - C4 10.96 
Cecropin D 13.2   

Total 100.00 
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Fig. 1: Histogram showing different chemical compound concentrations in alcoholic extracts of hemolymph of Galleria mellonella 
larva (AEGmH) identified by GC-MS. 
 

 

 
 
Fig. 2: Histogram showing a comparison between the effect of different concentrations of metronidazole (a) and alcoholic extract of 
hemolymph of Galleria mellonella larva (AEGmH) (b) on growth inhibition rate (%) of trophozoites. 
 
Table 2: The antitrichomonal efficacy of alcoholic extract of hemolymph of Galleria mellonella larva and metronidazole against 
Trichomonas gallinae trophozoites (104) in comparison to normal control 

Treatments 
Conc. 

mg.mL-1 
No. of trophozoites 

24hr 48hr 72hr 96hr 120hr 
Control - 56.40±0.37a 66.90±0.40a 66.90±0.27a 73.20±0.18a 73.20±0.20a 

Metronidazole 

0.40 53.40±0.33b 44.30±0.30b 30.60±0.17b 20.18±0.16b 17.80±0.18b 
0.80 22.40±0.18d 17.20±0.34d 13.20±0.08d 0.00e 0.00c 
1.60 11.60±0.21f 8.30±0.17f 2.90±0.03f 0.00e 0.00c 
3.10 3.20±0.14g 1.30±0.07h 1.30±014g 0.00e 0.00c 
6.25 2.90±0.20g 2.70±0.11g 1.50±0.20g 0.00e 0.00c 

12.50 1.70±0.10h 1.70±0.13h 0.93±0.7h 0.00e 0.00c 
25.00 0.63±0.15i 0.32±0.10i 0.10±0.01i 0.00e 0.00c 

AEGmH 

0.40 23.40±0.24c 20.80±0.31c 19.20±0.07c 18.90±0.23c 0.00c 
0.80 23.40±0.22c 12.50±0.13e 11.70±0.08e 11.10±0.57d 0.00c 
1.60 21.70±0.2e 1.70±0.28h 0.00i 0.00e 0.00c 
3.10 3.30±0.17g 1.70±0.11h 0.00i 0.00e 0.00c 
6.25 0.00j 0.00i 0.00i 0.00e 0.00c 

12.50 0.00j 0.00i 0.00i 0.00e 0.00c 
25.00 0.00j 0.00i 0.00i 0.00e 0.00c 

Different superscript letters in a column indicate significant differences (P<0.05). Data are presented as mean±SD; AEGmH; Alcoholic 
extract of hemolymph of Galleria mellonella larva. 
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Fig. 3: Histogram showing a comparison between the effect of different concentrations of alcoholic extract of hemolymph of Galleria 
mellonella larva (AEGmH) (a) and metronidazole (b) on the Trichomonas gallinae trophozoites numbers (104). 
 

 
 
Fig. 4: Giemsa-stained smears of untreated and treated cultures 
of T. gallinae: (a, b) showing ovoid trophozoite with the anterior 
nucleus and posterior axostyle of trophozoite in untreated 
culture. (c) Deformity of trophozoite in treated culture. (d) 
Spherical trophozoite of T. gallinae in treated culture (×1000). 

 
 

Fig. 5 : Acridine orange, fluorescent staining showing brick red 
dead T. gallinae trophozoites after treatment (white arrows, a, 
b), brownish inactive trophozoites (white arrow, c), and 
greenish active untreated trophozoites with a round nucleus 
(white arrow, d; ×400). 

 
dead trophozoites were characterized by a brick red color, 
potentially containing a yellowish nucleus (Fig. 5a and b). 
Inactive trophozoites were light brownish (Fig. 5c). 
Meanwhile, active trophozoites were characterized by 
yellowish cytoplasm with a bright green nucleus (Fig. 5d). 
 

DISCUSSION 
 

Trichomoniasis is a protozoan disease common in 
many bird species. The infectious agent mainly inhabits 
the anterior digestive tract of affected birds. It causes 
granulomatous lesions that occlude the esophageal lumen, 
leading to severe starvation and eventually death 
(Mehmood et al. 2019). Insects and their products are 
important for preparing drugs in traditional medicine 
(Sun-Waterhouse et al. 2016). When considering animal-
derived therapeutic materials, the chemical research of 
arthropods, particularly insects, is most compelling for 
drug discovery. This is because they are more likely to be 
available in large quantities without possessing a 
significant negative impact on their native populations.  

In addition, there are fewer ethical concerns about 
treating insects than with vertebrates, and insects are 
broadly reported to produce a diverse range of chemical 
compounds (da Silva et al. 2021). This, combined with the 
fact that insects have historically received less attention 

than plants, makes insects a suitable taxonomic group for 
chemical research (Seabrooks and Hu 2017). Anti-
microbial peptides are often extracted from living 
organisms. These peptides are usually short in length 
(fewer than 50 amino acids), and cell membrane attack is 
the most common mechanism behind their anti-microbial 
activity (Wang and Wang 2015). In our study, we used the 
hemolymph of larvae because AMPs are produced in 
insects' hemocytes, epithelia, and fat bodies (Bulet et al. 
1999). 

Through this study, the chromatographic profile 
showed the high concentration of cecropin A and D. 
Cecropins anti-microbial peptides were discovered in the 
hemolymph of Hyalophora cecropia and constitute an 
important aspect of insects' innate immunity (Brady et al. 
2019). After bacterial infections, other insects produce 
them spontaneously (tsetse flies, Galleria mellonella, and 
Drosophila) (Patiño-Márquez et al. 2018). Cecropin A 
and D in several studies showed a reduction in the growth 
of promasigotes and amastigotes of Leishmania 
panamensis (Patiño-Márquez et al. 2018) and Leishmania 
aethiopica (Pérez-Cordero et al. 2011). Our discussion 
was restricted to cecropin A and D from all families of 
AMPs because there is a limited publication on the 
general characterization of G. mellonella hemolymph 
polar metabolites, which would assist in characterizing its 
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potential as anti-parasitic, and our opinion was parallel to 
Killiny (2018). 

Moreover, in this study, the high concentrations of 
alcoholic extract of hemolymph obtained from G. 
mellonella had as great an inhibitory effect on T. gallinae 
as metronidazole (MTZ). Concentrations of hemolymph 
extracts of 25, 12.5, and 6.2mg/mL eliminated 100% of T. 
gallinae within 24h in vitro. The same effect was obtained 
with MTZ at a 25mg/mL concentration. Meanwhile, both 
3.1 and 1.6mg/mL hemolymph extracts eliminated 100% 
of T. gallinae trophozoites after 72h. Therefore, the 
minimal lethal concentration of hemolymph extract of G. 
mellonella was 1.6mg/mL. 

Morphologically, T. gallinae trophozoites isolated in 
the present study from naturally infected squabs were like 
those described by Abd El-Rahman et al. (2008). 
Meanwhile, a distorted appearance of T. gallinae 
trophozoites was noted in some treatment media; these 
trophozoites were small and rounded or irregular in shape. 
Several research groups have suggested that small 
spherical forms appear when conditions for parasite 
survival become unfavorable. For example, Torrent et al. 
(2012) mentioned that there are two main mechanisms by 
which peptides perturb protozoan parasites: (1) disrupting 
the cellular membrane and (2) interfering with key 
processes in parasite metabolism. Pan et al. (2009) 
reported the effects of three peptides on T. vaginalis and 
confirmed their results by scanning electron microscopy. 
They found that the treatment of T. vaginalis with these 
peptides led to cell death, which was preceded by severe 
swelling and breakage of the outer membrane, in addition 
to efflux of the intracellular contents.  

Furthermore, in the present work, both Giemsa and 
acridine orange techniques, in addition to the wet mount 
examination, were used to distinguish living and dead T. 
gallinae trophozoites in treated cultures. Both Giemsa and 
acridine orange staining techniques produced well-
contrasted images of living, damaged, and dead 
trophozoites. Ferreira et al. (2006) mentioned that acridine 
orange is an organic compound, cell-permeable, and can 
interact with DNA by intercalation or RNA via 
electrostatic attractions. For this, the viability of protozoa 
was confirmed by fluorescent vital stain acridine orange, 
and it is widely accepted as an image-enhancing 
technique. According to the literature, the present work is 
considered preliminary on the impact of the alcoholic 
extract of hemolymph obtained from G. mellonella on 
protozoal parasites, particularly T. gallinae. 
 
Conclusion 

This research concluded that the alcoholic extract of 
hemolymph obtained from G. mellonella is suitable to 
counter trichomoniasis in vitro. It can be used as a new 
anti-trichomonas drug after further investigation to 
determine the appropriate therapeutic dose for treatment. 
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