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Abstract. Amiri ZS, Akbarzadeh K, Douraghi M, Abdi KM, Afshar AA, Ghaffari J, Kordshouli RS, Akbari M, Rafinejad J. 2021. 
Effectiveness of maggot extractions and secretion (E/S) of Lucilia sericata in reducing wound surface in an experimental scalding burn 
injury. Nusantara Bioscience 13: 11-15. Lucilia sericata larvae have been successfully used as medicinal larvae for wound healing. This 

study was performed to evaluate the therapeutic effects of the primary ointment made from excretory-secretory substances of L.sericata 
larvae on experimental burn wounds on rabbits under laboratory conditions. Extraction of ES from the third stage of L.sericata larvae 
and antibiogram testing was done. Four rabbits were randomly divided into four groups; three standard third-grade burn wounds were 
created on the back of each rabbit for intervention groups (B, D) of wounds were used respectively from the original ointment made 
from ES and ES without accompanying material. Nitrofurazone ointment was used for the positive (C) and placebo ointment was used 
for the negative (A). On the 21st day, all scars of wounds in groups B and D were separated and the wound was free of infectious tissue, 
whereas in groups A and C that the scars were clinging to the base. The level of the ulcer was significantly lower in the E/S intervention 
group and the infectious tissue was not observed during the treatment of group B and D wounds. Methicillin-resistant Staphylococcus 

aureus (MRSA) did not show resistance to excretory-secretory substances of L. sericata larvae. The debridement and recovery process 
was faster in the ES-treated group and the initial ointment than in the control group. The results showed that maggot extractions and 
secretion (E/S) of L. sericata in reducing wound healing is appropriate for treatment. 
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INTRODUCTION 

A Necrophagous maggot is the larva of some flies 

(Order Diptera) that have a beneficial property. They have 

increasingly being applied to clean wounds by destroying, 

liquefying, and ingesting only devitalize / necrotic tissue 
for centuries which is known as maggot therapy (Yan et al. 

2018). In this method, larvae of flies Calliphoridae family, 

including Lucilia sericata (Greenbottle fly) and Calliphora 

vicina using for wound healing (Yan et al. 2018).  

Many people around the world suffer from burn injuries 

(Mogoşanu and Grumezescu 2014). Burn ulcer is a type of 

skin injury that often long-term treatment with high 

economic costs. Moreover, may become infected during 

treatment and become more painful, instead of gradually 

improving (Sterling et al. 2010). Burn ulcers are caused 

mainly by exposure to extra heat, electricity, light, 

radiation as well as chemical elements. It mostly occurs 
only on the skin (Murphy and Evans 2012; Sterling et al. 

2010). In addition to the local effect on the skin, heat has 

many general effects on the body. These complications are 

specific to burn injuries and are not generally seen in 

wounds caused by other injuries (Tiwari 2012).  

Maggots were first used to treat wounds during the 

American Civil War. However, in 2004 the Food and Drug 

Administration (FDA) authorized the use of maggots for 
medical use (Sherman 2005). L. sericata larvae are 

successfully used as medicinal larvae in wound healing and 

help the healing process by proteolytic digestion, 

disinfection of necrotic tissue, and stimulation of active 

promotion of granulation tissue formation (Steenvoorde et 

al. 2007). Regardless of the preference of the mode of 

action, larvae of L. sericata initiate their activities in the 

wound by chemical secretions and excretions (Nigam et al. 

2006; Sherman 2014). Maggot extractions and secretion 

(ES) treatment have been shown to aid the healing process 

by stimulates the regeneration of blood vessels and also has 

a proliferative effect on the growth of human endothelial 
cells (Elshehaby et al. 2017). Many studies have shown 

evidence that larvae have antimicrobial activity in two 

ways, including antimicrobial action by ingestion larvae of 

wound bacteria, which are killed when they enter the larval 
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digestive tract also through the antimicrobial activity of 

secretions and larval excretions, including salivary gland 

secretions and fecal wastes (Valachova et al. 2013). 

However, the main mechanisms in wound healing with ES 

treatment are not yet completely understood, This method 

became popular around the world for the treatment of 

chronic and infectious wounds (Hou et al. 2007).  

Today, despite advances in technology and healthcare, 

chronic wound management remains a major challenge and 

therefore requires alternative methods. This study has been 
conducted to study excretion/secretions (E/S) of larvae of 

L. sericata on the healing of experimental burn wounds in 

rabbits. 

MATERIALS AND METHODS 

Rearing of flies 

Lucilia sericata was rearing continuously in the fly 

insectary of Tehran University of Medical Sciences from 

2013. The temperature and relative humidity in the 

insectary were 27±2°C and 50±10% respectively. The 

light/dark regimen was 16/8 hours. The adult flies were fed 

by sugar, milk powder, palm dates, and water but their 
larvae fed on the chicken liver for rearing.  

Ethical approval 

The ethical committee of Tehran University of Medical 

Sciences, Iran performed ethical approval using rabbits. 

(Ethics code: IR.TUMS.SPH.REC.1397.4977) 

Extracting of E/S 

As much as 300 (in three equal replicates) of third 

instar larvae of L. sericata with 12-14 millimeters in length 

were selected to find the average weight of 100 larvae. This 

weight was used as a standard for selecting larvae for 

extraction. For extracting 3.7 grams of larvae were selected 
and washed with normal detergent as the first step. 

Washing with ddH2O, submerging in EtOH 70% for 30 

seconds, and again washing with ddH2O were the next 

steps for cleaning the larvae before the extraction process. 

Extracting of E/S was started with the put of these larvae 

into a disinfected laboratory beaker and adding 1000 

microliter of PBS (Phosphate Buffered Saline). The beaker 

was covered with a sterile mosquito net and put in the dark 

area at room temperature for 5 hours. After this time 

duration, the liquid in the beaker was centrifuged at 10000 

g for 10 minutes. The supernatant, which has been 

mentioned as pure E/S, was stored at-20°C for future use.  

Protein assay 

Three replicates of extracted E/S of the larvae were 

assayed with a BCA kit (cat.T9300A) according to 

manufacturer construction.   

Microbial examination of E/S  

The Antimicrobial activity of E/S was tested in vitro 

using the agar well diffusion method (Scott 1989) and 

Mueller Hinton Agar medium.  Bacterial inoculums that 

were used for antimicrobial activity were a sensitive strain 

of Staphylococcus aureus and MRSA (methicillin-resistant 

S. aureus ). A dilution of 0.5 McFarland of this bacteria 

was spread on Mueller Hinton agar using a sterile swab, 

which has moistened in the solution. Wells of 6 mm were 

punched in the inoculated plate, which was filled with six 

dilutions of E/S (1, ½, ¼, 1/8, and 1/16). Also, PBS and 

Cefoxitin Antibiotic were used for negative and positive 

control, respectively. PBS was used for making dilutions of 

E/S as well as filling of at least one of the wells in each 
plate as the negative control. As much as 80 microliters of 

each dilution were pipetted in the wells as treatment. Three 

replicates of each dilution were tested. The growth 

inhibition zone around each well was measured after 24 

hours of incubation at 37°C. This test was performed out in 

triplicate and zones of inhibition were measured in mm. 

scale.  

Experimental ointment 
For better stability and permeability of E/S, an 

experimental ointment has prepared by mixing 1gr of urea 

and 10gr of Eucerine with the E/S extract.  

Producing experimental burn injury 

Male rabbits (n=4; age, 16-18 months; weight, 2.5±2 

kg) were selected in the Laboratory of Experimental 

Animals in the School of Public Health of Tehran 

University of Medical Sciences. The lab had controlled 

conditions at 25±2°C and a 12/12 dark/light regimen. The 

animal models had free access to food and water. The 

Ethical Committee of the School of Public Health of 

Tehran University of Medical Sciences approved all steps 

of the project. Ketamine and Xylazine were used for 

anesthetizing rabbits via intraperitoneal injection with 
doses of 100 and 50 mg/kg respectively. Three wounds 

with about 20 mm in diameter were produced on the back 

of the rabbits using hot water after complete anesthetizing, 

disinfecting by EtOH70%, and local shaving. Ten seconds 

were enough to produce each of the 3rd degrees of burn 

wounds. Treating was started after 24 hours from the time 

of burning. Each of four rabbits was selected randomly to 

allocate to one of four testing groups including A, B, C, 

and D. Groups D and B were treatment groups for treating 

with pure E/S and experimental ointment respectively. 

Groups C and A were control groups for treating with 

Nitrfurazone ointment (as positive control) and placebo (as 
negative control) respectively. The wounds were left 

uncovered after each treatment. 

Data collecting 

The inspection was done at 24 hours intervals to 

photographing the wound surfaces and repeating of 

treatments. Each photo was used for the measurement of 

the necrotic and granulated tissues by Matlab software. 

Observations were recorded due to the appearance of the 

wounds, bad odors as well as any infectious discharge. On 

the last day of the study untreated rabbit’s unconsciousness 

and disappeared. 
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RESULTS AND DISCUSSION 

The average weight of 300 individuals of third larvae 

with 12-14 mm in body length was 3.7±0.2 g. This weight 

was used for future tests instead of counting 100 larvae for 

each replicate.  

Results of protein assay showed that the average of 

whole proteins in E/S of 100 individuals of third larvae was 

1159.7±44.7 µg/mL.  

Results of agar well diffusion tests showed that the pure 

E/S is the most effective for removing both sensitive and 
resistant strains of S. aureus. Mean zone inhibition of pure 

E/S were 19.3±0.58 mm and 17.6 ±0.58mm in diameter for 

sensitive and resistant strains of S. aureus respectively 

(Table 1). 

Repeated measure analysis was used for evaluating the 

trend of reducing the wound surface over time, which can 

be mentioned as a trend of improvement in all wounds. The 

analysis showed that the reduction of the wound surface in 

each group was significant from the first day of starting 

(P≤0.001). Due to the LSD analysis and comparison of 

mean wound size in groups over time, wound size changes 
in the E/S group with the negative control group have a 

significant difference (P≤0.011). (Figure 1). 

Pure E/S (purple line), experimental ointment (green 

line), positive control with nitrofurazone (yellowish line), 

negative control (blue line).  

The covariance Test showed a significant difference in 

reducing wound surfaces between negative control and 

each of pure E/S and experimental ointment as well as 

between positive control and pure E/S (Table 2, Figure 2). 

Numerous research has been focused on the 

antibacterial activity of maggots ES against gram-positive 
and gram-negative bacteria but the results have been 

different. The most important effect of burning is the loss 

of protective function of skin against dangerous pathogenic 

microorganisms (Murphy and Evans 2012) such as S. 

aureus, Pseudomonas aeruginosa, and some other 

microorganisms (Van Duin et al. 2016). Therefore the risk 

of infection is high for burn patients (Coban 2012). The 

results of this study showed that pure E/S is the most 

effective for removing both sensitive and resistant strains 

of S. aureus (MRSA). Regarding the antibacterial effect of 

maggots, it was found that the maggot ingests and kill E. 

coli when it passes through the midgut (Mumcuoglu et al. 

2001). Thomas et al. (1999) confirmed the antibacterial 

activity of secretions against a range of bacteria, including 

S. aureus and methicillin-resistant S. aureus (MRSA) in a 

preliminary laboratory study (Thomas et al. 1999).  

Long-time hospitalization will increase the risk of 

infection (Shupp et al. 2010) with special attention to drug-

resistant infections (Branski et al. 2009). However, in 

maggot therapy, there is no need for surgery and 

hospitalization, and compared to other treatment methods 
has a lower cost.  

The results of this study showed that the reduction of 

the wound surface in each group was significant from the 

first day (P≤0.001) and wound size changes in the E/S 

group with the negative control group have a significant 

difference (P≤0.011). In another study, It was found 

L.sericata larval secretions could modulate the mRNA 

expression of some wound healing-related genes and 

contains components that are effective in wound healing 

(Akbas et al. 2020). 

 
 

 

 
 

Figure 1. Comparing of average reducing trends in wound 
surfaces among control groups 

 
 

 
Table 1. Zone inhibition of various dilutions of E/S of 100 larvae of L. sericata in agar well diffusion test.  

 

Type of 

Staphylococcus aureus 
Replicates 

Dilutions of E/S 

1 ½ ¼ 1/8 1/16 

Sensitive S. aureus 
 

1 19 17 13 9 7 
2 19 14 13 10 - 
3 20 14 10 10 - 

Average 19.33 15 12 9.66  

SD 0.58 1.73 1.73 0.58  
Resistant S. aureus 
 

1 17 15 11 9 - 
2 18 12 12 8 - 
3 18 14 10 8 - 

Average 17.67 13.67 11.00 8.33  
SD 0.58 1.53 1.00 0.58  
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The most important aid for healing burn wounds is 

wound bed preparation, which has different methods .The 

standard method for dealing with such wounds is fast and 

wide debridement with a graft (Madihally et al. 2003). 

Whatever the method, debridement is an integral part of it; 

this is possible in both mechanical and chemical 

(enzymatic) forms. The history of wound enzymatic 

treatments using plant or bacterial-derived enzymes dates 

back to about 60 years before World War II (Hafezi et al. 
2009). The enzymes trypsin, leucine, aminopeptidase, and 

carboxypeptidases A and B have been isolated from the 

secretions of L. sericata larvae (Vistnes et al. 1981). 

Schmidtchen et al. (2003) used animal models to show the 

secretory properties of maggot E/S in resolving necrotic 

tissue, they also identified several proteases (Schmidtchen 

et al. 2003).  

Debridement should be done in almost all of the burn 

ulcers for treatment (Mann and Heimbach 1996). Non-

selective debridement, which is usual for the treatment of 

wounds, may damage basement tissues other than necrotic. 
One of the best selective methods for debridement is 

maggot therapy (Colin et al. 1996) which has a good 

background in the healing ulcers caused by burning, 

chronic infection, diabetes complications, and post-surgical 

wounds (Wu et al. 2017). In addition to healing wounds, 

maggot disinfects wounds and stimulates the regenerative 

process by proteolytic digestion (Nigam et al. 2006). 

Managing pain in the treatment of burn wounds is 

crucial (Mann and Heimbach 1996) which may limit the 

use of free larvae in maggot therapy by L.sericata 

(Mumcuoglu et al. 2012) especially for use in burn 
wounds. Elimination of physical contact can be a solution 

for solving the painful use of larvae in burn wounds 

without reducing their effects in debridement and 

subsequent wound healing. 

Larval secretions using deoxyribonuclease (DNAse) 

can destroy microbial DNA as well as human DNA in 

necrotic tissues (Brown et al. 2012). Biofilms and 

biological materials in wounds have become increasingly 

known as a problem. Therefore, focus on new strategies for 

the eradication of severe infections associated with biofilm 

is very important. The presence of small antibacterial 

agents (1 kDa) in E/S showed that against a range of 

bacteria including S. aureus is active (Elshehaby et al. 

2017). E/S enzymes can dissolve biofilms and inhibit 

biofilm growth (Elshehaby et al. 2017; Harris et al. 2009). 

The E/S extract from L. sericata larvae with its 

proteolytic properties can be effective in the chemical 
debridement of burn wounds, the process of debridement, 

preparation of the wound bed, and treatment. According to 

the results of this study, we can see a significant change in 

the treatment of such wounds. The application of the results 

of this research, due to its experimental and fundamental 

nature, can be a basis for further research on volunteers or 

drug manufacturing. The use of proteolytic enzymes is very 

extensive and can be used in all wounds that have necrotic 

tissue and require debridement, including compression, 

diabetic, and other chronic wounds. It is recommended that 

further research be continued in this area. 
 

 

 

 
 
Figure 2. Comparisons of average reduction in wound size at last 

day of treatment (day 21). : pure E/S, : experimental 

ointment, : positive control, : negative control 

 

 

 

 
Table 2. Comparisons of average reduction in wound size at last day of treatment (Day 21) 
 

Name groups (A) Name group contrastable (B) Dispute mean Sig.b 

Placebo Ointment 132.2* .026 

Ointment Nitrofurazone 75.9 .238 

Excretion-Secretion 196.9* .005 

Pomade Placebo -132.2* .026 

Ointment Nitrofurazone -56.2 .282 

Excretion-Secretion 64.6 .179 

Pomade Nitrofurazone Placebo -75.9 .238 

Ointment 56.2 .282 

Excretion-Secretion 120.9* .035 

Excretion-Secretion Placebo -196.9* .005 

Ointment -64.6 .179 

Ointment Nitrofurazone -120.9* .035 
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