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Abstract. Larval therapy is used in clinical treatment such as necrotic and infected wounds and larvae of Lucilia sericata are the most 

commonly used invertebrate for clinical therapy. The purpose of the present study was to investigate characterization of hemocytes 

in larvae of L. sericata to determine whether there were any differences between larval stages or from other invertebrates in terms of 

hemocyte types and to provide a better understanding of hemocytes’ function. 150 sterile first instar larvae of L. sericata were 

obtained from Istanbul University, Microbiology and Clinical Microbiology Department in April 2016. Hemolymph of the larvae of 

L. sericata was collected and hemolymph smears were stained with Wright’s stain. In both 1st and 2nd larval stages of L. sericata, three 

hemocyte types; prohemocytes, plasmatocytes and granulocytes were observed. However, in 3rd larval stage, five distinct types of 

hemocytes; oenocytoids, adipohemocytes, granulocytes, plasmatocytes and prohemocytes were examined. The types of the 

hemocytes were characterized by light microscopy according to size, presence or absence of granules and nucleus/cytoplasm ratio. 
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Introduction 

 

The main function of all immune system is the ability of dis-

tinguishing self from non-self. The immune system is typi-

cally divided into two main categories named innate and 

adaptive immunity (Beck & Habicht 1996). The innate im-

mune system is an evolutionarily ancient form of immunity 

(Fujita 2002). Innate immunity includes the complement sys-

tem which is comprised of more than 30 proteins. Several 

groups of invertebrates including various insects, crabs and 

worms have analogue systems to the complement system 

called the prophenoloxidase system. Prophenoloxidase is a 

prominent protein due to being effective in the cellular and 

humoral responses. The prophenoloxidase-activating system 

is activated by certain microbial products such as lipopoly-

saccharides or peptidoglycans from bacteria and -1,3-

glucans from fungi (Beck & Habicht 1996, Söderhӓll & Cere-

nius 1998, Lemaitre & Hoffmann 2007). 

Hemocytes of arthropods and other invertebrates are es-

sential in immunity due to their involvement in immune 

functions such as phagocytosis, nodule formation, encapsu-

lation and lysis of foreign cells (Gillespie et al. 1997, 

Söderhӓll & Cerenius 1998, Irving et al. 2005). The phagocyt-

ic activity of hemocytes destroys and eliminates small path-

ogens as well as tissue debris and dead cells (Ling & Yu 

2005). The aggregation process of hemocytes is referred as 

nodule formation and hemocytes aggregate in multiple lay-

ers on the surfaces of the object in a process known as encap-

sulation (Holmblad & Söderhӓll 1999, Levin et al. 2005). 

Larval therapy can be successfully used in the treatment 

of chronic, infected, traumatic wounds such as neurovascu-

lar, vascular ulcers, pressure ulcers, and diabetic ulcers, os-

teomyelitis and burns (Polat et al. 2011, Valachová et al. 2013, 

Munir et al. 2016). The larvae secrete a combination of prote-

olytic enzymes after hatching (Vistnes & Lee 1981, Chamber 

et al. 2003). Proteolysis pathway is believed to increase the 

wound healing process by the removal of infected material. 

Additionally, this proteolysis process is an intrinsic factor in 

terms of thrombosis, hemostasis, inflammatory cell activa- 

 

tion, tissue repair and reconstruction (Gailit & Clark 1994, 

Chamber et al. 2003). 

Lucilia sericata is a common blowfly found in most areas 

of the world. It has three larval stages in the life cycle. L. seri-

cata plays an important role in forensic and medical science. 

In forensic science, it is used for estimating post-mortem in-

terval (Rueda et al. 2010). When it comes to its medical ap-

plication, larvae of the L. sericata are produced and sent to 

wound care/research centres and hospitals worldwide by 

commercial companies (Valachová et al. 2013). Larvae of L. 

sericata are most commonly applied in human wound treat-

ment for injuries that conventional treatment fails to heal. 

The purpose of the present study was to characterize the 

hemocytes in the larval stages of L. sericata and to determine 

if there are any differences between larval stages or from 

other invertebrates in terms of hemocyte types due to fact 

that L. sericata is used in medical targets. 
 

 

Material and Methods 

 

150 sterile first instar larvae of L. sericata were obtained from Istanbul 

University, Microbiology and Clinical Microbiology Department in 

April 2016. Hemolymph was collected from 50 first-instar L. sericata 

and the remaining 100 larvae were reared under sterile conditions 

until they reached to second and third instar larval stages in the Se-

rology Laboratory, Biology Department of Ege University, (Izmir, 

Turkey). The larvae were fed on agar diet. The posterior stigma 

which is located at the end of respiratory tube, is a distinctive feature 

to determine the larval stages. Posterior stigma of 1st instar larvae is a 

pair of “v” or “u” shaped apertures. Slit-like posterior stigma was 

observed in 2nd larval stages. In 3rd larval stage, three apertures were 

easily seen on both sides of the larva.  

Hemolymph of larvae of L. sericata was collected into hematocrit 

tubes and then smears were prepared on clean slides. Air-dried he-

molymph smears were stained with Wright’s stain for one minute. 

The slides were rapidly washed with phosphate buffered saline and 

then mounted with Entellan. Slides were examined with a Zeiss Axi-

oscope A1 light microscope and photographed using AxioCam Erc 

5s digital camera. The size of hemocytes was measured using ZEN 

software. Values were given as mean±standard error (SE) by oneway 

ANOVA, using SPSS 16.0. 
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Table 1. Micrometric measurements of hemocytes of L. sericata. Values are given as mean  standard error (SE). 
 

Larval stage Hemocyte type 

Size (µm) 

Hemocyte (mean  SE) Nucleus (mean  SE) 

Diameter Width / Length Diameter Width / Length 

L1 

Prohemocyte 13.19  0.65 - 11.81  0.66 - 

Plasmatocyte 13.93  0.41 12.71  0.66 / 16.56  1.25 8.42  0.38 - 

Granulocyte 17.47  0.47 - 9.79  0.39 - 

L2 

Prohemocyte 11.93  0.56 - 11.07  0.51 - 

Plasmatocyte 13.07  0.45 11.18  0.75 / 16.68  0.63 7.58  0.96 6.72  0.33 / 7.21  0.16 

Granulocyte 22.28  1.93 - 9.73  0.55 - 

L3 

Prohemocyte 10.48  0.37 - 9.14  0.35 - 

Plasmatocyte 13.45  0.45 8.46  0.58 / 20.62  2.05 7.98  0.24 6.64  0.35 / 8.22  0.22 

Granulocyte 16.37  1.75 - 6.55  0.15 - 

Oenocytoid 18.92  0.89 - 7.42  0.26 - 

Adipohemocyte 23.99  0.89 - 6.65  0.29 - 

 

 

Results 

 

Three hemocyte types, granulocytes, plasmatocytes and 

prohemocytes were observed in both 1st and 2nd larval stages 

of L. sericata. But, in 3rd larval stage five different types of 

hemocytes; prohemocytes, plasmatocytes, granulocytes, adi-

pohemocytes and oenocytoids were examined. Additionally, 

we observed the presence of many bacteria in hemolymph 

smears of 1st and 2nd larval stages, especially in the smear 

of 1st larval stage. However, in hemolymph smears of 3rd 

larval stage, almost no bacteria were detected. 

Prohemocytes were usually small hemocytes in the he-

molymph (Table 1), and the cell had a centrally located nu-

cleus that occupied the large volume of the cell (Fig. 1A).  

Plasmatocytes were oval or spherical in shape. The nu-

cleus was round or elongated and generally centrally located 

(Figs 1B and 1C). Single plasmatocyte and cluster of plas-

matocytes were observed. The plasmocytes and prohemo-

cytes did not differ significantly in size in the different larval 

stages (Table 1). 

Granulocytes were spherical in shape with a central nu-

cleus or an acentric nucleus. Granulocytes of 2nd larval stage 

were larger than granulocytes in 1st and 3rd larval stages (Ta-

ble 1). The granulocytes were characterized with the pres-

ence of large and small granules. We observed some granu-

locytes with lipid inclusions in cytoplasm (Fig. 1D).  

Oenocytoids were spherical cells with cytoplasmic inclu-

sions. Some of them had a segmented nucleus with lobules 

(Fig. 1E). Oenocytoids were only observed in 3rd larval stage 

of L. sericata.  

Adipohemocytes were irregular shaped cells with multi-

ple lipid inclusions (Fig. 1F), and they were the largest he-

mocytes (Table 1). Granulocytes of 2nd larval stage were 

larger than at the other stages and were approximately the 

same size of adipohemocytes (Table 1). 

 

 

Discussion 

 

In the present study, three hemocyte types, granulocytes, 

plasmatocytes and prohemocytes were determined in both 

1st and 2nd larval stages of L. sericata. However, in 3rd larval 

stage five different types of hemocytes; prohemocytes, plas-

matocytes, granulocytes, adipohemocytes and oenocytoids 

were determined. In the Mediterranean flour moth, V-instar 

larvae of Ephestia kuehniella, five distinct types of hemocytes 

(spherulocytes, oenocytoids, granulocytes, plasmatocytes 

and prohemocytes) were identified by Ghasemi et al. (2013). 

Feitosa et al. (2015) noted five different types of hemocytes 

(adipohemocytes, spherulocytes, granulocytes, plasmato-

cytes and prohemocytes) in an adult arachnid species, Rhip-

icephalus sanguineus. Atalayın et al. (2017) reported four he-

mocytes (prohemocytes, plasmatocytes, granulocytes and 

eleocytes) in adult Hirudo medicinalis. In another study, six 

hemocytes types (adipohemocytes, oenocytoids, spherulo-

cytes, granulocytes, plasmatocytes and prohemocytes) were 

observed in V-instar nymphs of Rhodnius prolixus and R. ro-

bustus (Ruiz et al. 2015).  

Prohemocytes had a centrally located nucleus that occu-

pied the large volume of cell, and they were small hemo-

cytes in the hemolymph of L. sericata. They were spherical 

cells [13.19  0.65 (L1), 11.93  0.56 (L2), 10.48  0.37 (L3) μm 

in diameter]. The large and centrally located nuclei were 

11.81  0.66 (L1), 11.07  0.51 (L2), 9.14  0.35 (L3) μm in di-

ameter. Based on our quantitative data, prohemocytes had 

high nucleus/cytoplasm ratio. Silva et al. (2002) noted 

measurement of prohemocytes in Anastrepha obliqua larvae 

as 7.5-13.12 μm in diameter. Prohemocytes do not carry out 

defensive response such as phagocytosis or encapsulation, 

and they have low enzymatic activities (Hine 1999, Cima et 

al. 2001). Kavanagh & Reeves (2004) reported that prohemo-

cytes has the ability to divide, and they can differentiate into 

other cell types. Yamashita & Iwabuchi (2001) proved that 

approximately 43% of prohemocytes differentiated into 

plasmatocytes, granulocytes and spherulocytes in hemo-

lymph of Bombyx mori.  

Plasmatocytes were oval or spherical in shape with cen-

trally located nucleus. We measured both oval and spherical 

plasmatocytes. Spherical plasmatocytes were 13.93  0.41 

(L1), 13.07  0.45 (L2), 13.45  0.45 (L3) μm in diameter. Oval 

plasmatocytes had 12.71  0.66 (L1), 11.18  0.75 (L2), 8.46  

0.58 (L3) μm width and 16.56  1.25 (L1), 16.68  0.63 (L2), 

20.62  2.05 (L3) μm length. Silva et al. (2002) reported that 

spherical plasmatocytes were 13-26 μm in diameter and oval 

plasmatocytes had 26-34 μm length-15-30 μm width in A. 

obliqua larvae. Single plasmatocyte and cluster of plasmato-

cytes were examined in the hemolymph of L. sericata. Plas- 
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Figure 1. Light microscopic view of L. sericata hemocytes. A. Prohemocyte of 3rd larval stage, relatively small cell, round 

shaped with high nucleus/cytoplasm ratio. B. Plasmatocytes of 1st larval stage C. Plasmatocyte of 2nd larval stage.  

D. Granulocyte of 3rd larval stage with cytoplasm containing granules. E. Oenocytoid of 3rd larval stage was spherical 

cell with cytoplasmic inclusions. F. Adipohemocyte of 3rd larval stage was characterized by the presence of lipid inclu-

sions in cytoplasm. (magnification x100) Scale Bar= 10µm. 
 

 

matocytes are similar to monocytes of vertebrates and gen-

erally known as phagocytic cells due to fact that they involve 

in the elimination of apoptotic cells during development as 

well as encapsulation or ingestion of pathogens (Evans et al. 

2003, Hartenstein 2006).  

Granulocytes were spherical in shape and characterized 

with the presence of large and small granules. Granulocytes 

were measured 17.47  0.47 (L1), 22.28  1.93 (L2), 16.37  

1.75 (L3) μm in diameter. Silva et al. (2002) noted the diame-

ter of granulocytes in A. obliqua larvae 15-22.25 μm. Granulo-

cytes resemble the basophils of vertebrates due to presence 

of highly basophilic granules in the cytoplasm. Granulocytes 

of 2nd larval stage were larger than granulocytes in 1st and 3rd 

larval stages. Granulocytes perform immune functions in-

cluding encapsulation of pathogens, phagocytosis, wound 

healing and blood clotting (Hartenstein 2006). 

Oenocytoids were spherical cells with cytoplasmic inclu-

sions. They were 18.92  0.89 (L3) μm in diameter. Some of 

them had a segmented nucleus with lobules. Silva et al. 

(2002) noted the diameter of oenocytoids in A. obliqua larvae 

22-35.5 μm. Oenocytoids were only observed in 3rd larval 

stage of L. sericata. Ling et al. (2005) reported that whether 

oenocytoids differentiated from prohemocytes was still un-

clear.  

Adipohemocytes were irregular shaped cells with multi-

ple lipid inclusions, and they were the largest hemocytes 

(23.99  0.89 µm) in the hemolymph of L. sericata. Granulo-

cytes of 2nd larval stage (22.28  1.93 µm) were approximate-

ly the same size of adipohemocytes, and we also observed 

some granulocytes with lipid inclusions in cytoplasm similar 

to adipohemocytes. Corroborating our results, Brayner et al. 

(2005) reported that granulocytes differentiated into adipo-
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hemocytes in a mosquito species, Culex quinquefasciatus. The 

function of adipohemocytes is energy storage in the form of 

lipids and glycogen (Hillyer & Christensen 2002). In this 

study, adipohemocytes were only identified in 3rd larval 

stage which was probably related to preparation for pupa-

tion due to their capability of nutrient storage. 

Hemocytes perform cellular immune reaction such as 

encapsulation, nodule formation and phagocytosis (Lavine & 

Strand 2002). Additionally, hemocytes have prominent role 

during the ecdysial phase which allows damaged tissue to 

be regenerated or substantially reformed (Nardi et al. 1985, 

Rheuben 1992, Kadota et al. 2003). Kadota et al. (2002) re-

ported the existence of phenoloxidase in the hemolymph of 

the argasid tick, Ornithodoros moubata, and the attendance of 

this enzyme during the ecdysial phase. Phenoloxidase is 

synthesized as prophenoloxidase which is inactive and 

stored in oenocytoids (Yu & Kanost 2004). Maggots in 

wounds also secrete proteolytic enzymes that bring about 

destruction of necrotic tissue, which serves as a food source 

for them (Chambers et al. 2003). With the proteolytic activity 

in wound extracellular matrix component is the initial act of 

tissue repair, leading to hemostasis, inflammation, cell mi-

gration and proliferation, and finally remodeling and matu-

ration of the scar (Gailit & Clark 1994, Lawrence 1998). Many 

authors noted that phagocytic cells were only plasmatocytes. 

However, Giulianini et al. (2003) indicated that phagocytosis 

mediated by granulocyte and oenocytoids was very im-

portant because they could ingest bacteria. Comparison of 

instar-1 and instar-3 maggots of L. sericata showed that tubes 

containing instar-1 maggots had more bacterial growth than 

instar-3 maggots (Cazander et al. 2009). Additionally, we ob-

served presence of many bacteria in hemolymph smears of 

1st and 2nd larval stages, especially in the smear of 1st larval 

stage. However, in hemolymph smears of 3rd larval stage, 

almost no bacteria were detected. Oenocytoids probably 

prevent bacterial growth due to their proteolytic enzymes 

and phagocytic activity. An essential step of maggot treat-

ment is removal of necrotic tissue from the wound (Wollina 

et al. 2000). 
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