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to plastic.
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Background Plastic’s remarkable durability presents a significant challenge for our planet, leading to widespread
environmental damage. However, some organisms, such as Galleria mellonella larvae, have shown a unique capabil-
ity to consume and degrade plastic, offering potential solutions to plastic pollution. In this study, we investigated
the response of G. mellonella larvae to different diets, including artificial diet (AD), polyethylene low density mixed
with AD (PELD+ AD), and PELD alone. Using various microscopy techniques, we examined the larvae’s hemocyte
hemogram and mid-gut characteristics to understand their immune response and digestive system when exposed

Results The results revealed that PELD-only feeding negatively impacted hemocyte immunity, resulting in a sig-
nificant decrease in total hemocyte counts compared to AD and AD + PELD feeding. Moreover, plastic consumption
induced differential hemocyte alterations, affecting specific cell types. The presence of phagosomes in larval hemo-
cytes and mid-gut cells during PELD-only feeding suggested active involvement in plastic breakdown.

Conclusions These findings highlight the potential of G. mellonella larvae as a model organism to study responses
to pollutants, emphasizing the urgent need to address plastic pollution’s global threat. Further investigation is war-
ranted to explore larval deformities, weight loss, and appetite changes, potentially influencing mortality rates

and enzyme biochemistry. Understanding the impacts of plastic ingestion on G. mellonella larvae is crucial to develop
effective strategies for mitigating plastic pollution’s ecological implications.
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Background

Plastic degradation is a very serious problem glob-
ally. Petroleum-derived polymers such as polyethylene
(PE), polyethylene terephthalate (PET), polyurethane
(PU), polystyrene (PS), polypropylene (PP), and poly-
vinyl chloride (PVC) are extremely disobedient to nat-
ural biodegradation pathways (Mohanan et al., 2020).
Polyethylene PE is mostly used in packaging. Living
organisms, mostly marine animals, can be injured by
ingestion of plastic wastes or via exposure to chemi-
cals in plastics that interfere with their body physiol-
ogy. Also, humans are affected by plastic pollution, via
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disruption of various hormonal mechanisms (Godswill
& Gospel, 2019). Biodegradation is the friendliest way
for the environment to eliminate its negativity (Sheth
et al., 2019). Fortunately, there are micro- and macro-
cellular organisms that can degrade plastics to simple
forms (Lee & Liew, 2020). Microbial and enzymatic
degradation of waste petro-plastics is a promising
strategy for depolymerization to convert waste plas-
tics into higher-value bioproducts. The natural gut
bacteria of some insects can degrade plastics (Jang &
Kikuchi, 2020). Many strains of bacteria that were sug-
gested to be incorporated in PE biodegradation were
isolated from the gut of the larvae of Tenebrio molitor,
Tenebrio obscurus, and Plodia interpunctella (Liaqat,
2020). G. mellonella can digest wax and plastic mole-
cules with or without the intestinal microbiome (Kong
et al.,, 2019). Bombelli et al., 2017 recorded the rapid
biodegradation of PE by G. mellonella (Bombelli et al.,
2017). The saliva of G. mellonella larvae can overcome
the biodegradation of PE via the oxidation process as
the first step in degradation. Two enzymes were identi-
fied and characterized by Sanluis-Verdes et al., (2022).
Hemocytes play a pivotal role in innate immunity (Wu
et al, 2016). Innate immunity is the first line of defense
in our bodies against infection. Innate immunity is the
instant and only response of invertebrates to invad-
ers. In insects, it depends on cellular and humoral
responses (Tsakas & Marmaras, 2010). The cellular
immune responses include phagocytosis, nodulation,
and encapsulation (Al Mutawa et al., 2020). Kurt and
Kayis (2015) reported that the hemocytes of insects
are similar to the white blood cells of mammals in
some features including morphology, embryonic ori-
gin, ameboid movement, and phagocytic activity. The
immune response in insects differs from that of verte-
brates in the lack of cell specificity, immunoglobulins,
and response memory. However, similar responses to
immune memory in insects have been described as
a phenomenon called "immune priming," where the
insect exposed to a low dose of a pathogen becomes
more resistant when later exposed to a high dose of
the same pathogen (Gélvez & Chapuisat, 2014). The
insect gut is a single layer of epithelial cells supported
by a basal lamina surrounded by muscles. The gut is
divided into three regions with different features,
functions, and embryonic origin, i.e., the foregut, mid-
gut, and hindgut (Caccia et al., 2019). The mid-gut
is the functional core of the alimentary canal since it
accomplishes a significant role in food digestion and
nutrient absorption. To our knowledge, it is the first
time to investigate the impact of plastic feeding on the
cellular immune response as well as the mid-gut char-
acteristics of G. mellonella larvae.
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Methods

Insect

G. mellonella larvae were sourced from the Parasitol-
ogy and Animal Diseases Department, at the Veterinary
Institute, of the National Research Center (Dokki, Egypt).
The larvae were reared in cylindrical glass jars with metal
lids, which were perforated with tiny pores for proper
ventilation. The glass jars, each with a capacity of 500 ml,
were placed in an incubator with transparent glass doors,
maintaining a constant temperature of 28 +2 °C and a rel-
ative humidity of 60 + 3%. The larvae experienced natural
day—night cycles within the incubator.

For their diet, the larvae were fed with an artificial diet
(AD) based on the formulation by Jorjéo et al. (2018) with
minor adjustments. The AD consisted of 600 g of corn
flour, 300 g of whole wheat flour, 60 g of full cream milk
powder, 60 g of active yeast, 100 ml of glycerol, and 200
ml of honey. The larvae were continuously reared on this
AD for six consecutive generations throughout the year
2020 before being used in the subsequent experimental
procedures. The polyethylene low density (PELD) used in
all experiments was commercially obtained in a package
meant for electrical instruments, as shown in Fig. 1b.

The experimental design

The newly hatched larvae were continuously reared on
the artificial diet (AD) from the year 2020 until April
2023. Once the larvae reached the fifth instar, they were
weighed, with an average weight of approximately 60 to
85 mg. For the experimental setup, a total of 90 larvae
were utilized and divided into three groups; each group
was repeated three times:

1. (Control) AD Group: This group served as the con-
trol and was fed with different series of feeding doses
of the AD, consisting of 50, 25, 15, 10, 5, and 2.5 g.

2. AD+PE-LD Group: The second group received a
combination of AD and polyethylene low density
(PE-LD) in equal feeding weights.

3. PE-LD Only Group: The third group was exclusively
fed with the same weight of PE-LD without the addi-
tion of AD.

Each group of larvae was maintained for a period of
ten days, allowing them to grow and develop until they
reached the last instar stage with weight ranging from
150 to 300 mg.

Hemolymph collection

For hemolymph collection, the last instar G. mellonella
larvae were subjected to anesthesia by exposing them to
a temperature of — 20 °C for 5-10 min until they became
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Fig. 1 aThe female moth of G. mellonella on the artificial diet in the cylindrical glass jar, b the last instar of G. mellonella larvae eating PELD (plastic

package covering), ¢ the pupae of G. mellonella

motionless. Afterward, the larvae were surface-sterilized
using 70% ethyl alcohol. A fine surgical scissor was used
to carefully pierce the ventral side of the larvae at the sec-
ond proleg, following the method described by El Deeb
and Hassan (1990). Exuding drops of hemolymph (HL)
were collected from each larva on a parafilm sheet. Subse-
quently, the collected hemolymph was diluted with phos-
phate buffer saline (PBS) at a 1:10 (v/v) ratio. The diluted
hemolymph was then transferred to an Eppendorf tube
using a micropipette. To precipitate the delicate hemo-
cytes, the tube was centrifuged at 1400g for 10 min under
cooling conditions. The supernatant was further centri-
fuged at 3000g for 10 min to separate the plasma from the
hemocytes, following the method proposed by Stoepler
etal, (2012).

Monolayer preparation and Giemsa staining of hemocytes
To prepare a monolayer of hemocytes for analysis, a drop
of hemolymph (2 pl) was carefully placed on a microscope

slide that had been cleaned with alcohol. Another clean dry
slide was then used to smear the hemolymph drop evenly.
The slide with the smears was left to air dry before being
subjected to methanol fixation for 2 min. Next, the slide
was stained with Giemsa stain for approximately 20 min,
followed by a thorough wash with distilled water. After the
staining process, the slide was once again air-dried. To pre-
serve the preparation, the slide was mounted in Distyrene
Plastic Xylene (DPX) mounting medium. Subsequently,
the slides were examined using a light microscope at a
magnification of 1000. This allowed for the counting and
evaluation of the total hemocytes as well as the differen-
tial hemocyte percentage, as described by Al Mutawa et al.
(2020).

Total hemocytes count (THC)

Hemolymph was collected from the last instar larvae of
G. mellonella fed on AD, AD+PELD and PELD. Then it
was diluted 10 times with PBS (pH:7) to avoid hemocyte
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aggregation. And the total number of hemocytes was
counted using a Neubauer hemocytometer (Marienfeld
Germany). After discarding the first three drops near the
edge of a coverslip of a Neubauer counting chamber, it was
filled by capillary action. Four white-cell squares from both
the upper and lower chambers were counted. THC was
calculated using the formula suggested by Jones (1962).
Each treatment was replicated three times.

Total hemocytes count/ml of hemolymph =
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2 h. Subsequently, both the hemocyte pellets and mid-
gut tissues underwent multiple washes in the same
buffer (pH 7.2) for 1 h.

Following the washing steps, each preparation was
fixed in cacodylate sucrose buffer for at least 12 h.
Later, they were suspended in a 2% osmium tetraoxide
fixative (pH 7.2) for 2 h at 4 °C. The specimens were
then dehydrated using a series of ethyl alcohol, and

Hemocyte — 1 mm squares x dilution x depth of chamber 10°
X

Number of 1 mm counted squares

Percentage of differential hemocytes count % (DHC)

The DHC was determined based on the percentage of
each hemocyte type in the total cells counted, following
the method proposed by Jones (1962). Fresh monolayer
preparations were carefully examined, and the percent-
age of the different hemocyte types was recorded for a
fixed number of hemocytes, typically ranging from 100
to 200.

To aid in hemocyte identification, Giemsa-stained
smears were prepared using the same method
described earlier. The shapes and diameters of the
cells were assessed to distinguish and characterize the
various hemocyte types present. For observation and
analysis, the prepared smears were examined using an
optical microscope from Nikon, Japan, equipped with a
digital camera (ICMOS05100KPA USB 2.0 Microscope
Camera). Hemocytes derived from larvae fed on the
artificial diet (AD) were used as the control group for
comparison.

By calculating the percentage of different hemocyte
types, this analysis facilitated a deeper understanding
of the differential immune response of G. mellonella
larvae to the various experimental diets, as observed
and reported by Al Mutawa et al., (2020).

Transmission electron microscopy (TEM)

Mid-gut and hemocytes preparation

For TEM microscopy, the last instar larvae of G. mel-
lonella, weighing between 150 and 300 mg, were dis-
sected after being fed on different diets, including AD
(control), AD + PE-LD, and PE-LD for a duration of ten
days. Many larvae were dissected in phosphate buffer
saline (PBS) at a pH of 7 to isolate the mid-gut tissues
(Al Mutawa et al., 2020).

The hemolymph of the larvae was collected and cen-
trifuged as described previously to remove the plasma.
The resulting hemocyte pellets and mid-gut tissues
were separately fixed in a 0.1 M cacodylate buffer at a
pH of 7.2, containing 5% glutaraldehyde for a period of

propylene oxide was used to replace the alcohol with
two changes of 2 min each.

Each preparation was embedded in epon and treated
for semi-thin sections at a thickness of 1 pm. The sec-
tions were stained with toluidine blue for examination
under a light microscope.

Ultra-thin sections were obtained from selected areas
of the trimmed blocks and collected on copper grids.
These ultra-thin sections were contrasted using uranyl
acetate for 10 min and lead citrate for 5 min, after which
they were ready for examination under the transmis-
sion electron microscope (TEM), specifically the 100
CX11 TEM, at the Electron Microscope Unit at Assiut
University.

Scanning electron microscopy (SEM)

For SEM microscopy, the hemocyte pellets collected
from larvae fed on the normal diet (AD) and those fed
on AD +PE-LD were fixed in 3% glutaraldehyde after the
centrifugation process. The fixed hemocytes were then
sputtered with gold and examined using a JEOL GM 5200
microscope at the experimental research station Faculty
of Agriculture, Cairo University, Giza, Egypt.

Statistical analysis

Data were represented by a series of analyses of variance
and independent-samples 7-test using the SPSS program.
Differences were significant when (p <0.05).

Results

Hemocytes with Giemsa staining

In the Giemsa-stained light microscopic preparation,
Fig. 2 illustrates the distinct morphologies of the hemo-
cyte types in G. mellonella under normal feeding condi-
tions. The prohemocytes were observed as round cells
with an approximate diameter of 6.7—8 pm, featuring a
central nucleus measuring around 6—4.7 pum in diameter
(Fig. 2b). As for the plasmatocytes, they exhibited poorly
stained cytoplasm, assumed a spindle-shaped appear-
ance when spreading on glass slides, and had tapered
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Fig. 2 Light microscopic Giemsa stained photomicrograph (x1000) of G. mellonella hemocytes of larvae fed on the AD, a plasmatocyte, b
prohemocyte, ¢ granular cell, d large oenocytoid, e spherule cell, f small oenocytoid

ends ranging from 7 to 15 um in width and 15-20 yum in
length. The nucleus of plasmatocytes measured approxi-
mately 5-10 pm in diameter (Fig. 2a). The granular
cells showed granules with different sizes in dark cyto-
plasm with an 8-10 um diameter, with round nuclei of
5 um diameter, approximately (Fig. 2c). The oenocytoids
were large cells with homogenous cytoplasm ranging
from 10 to 19 pm in length and 7-10 pm in width, with
an eccentric nucleus; its diameter was 6-7 pm (Fig. 2d,
f). The spherule cells were oval with vesicular cyto-
plasm of round spherules masking the nucleus (Fig. 2e).
Ten days after feeding on AD+PE-LD (Treatment 1),

some changes were observed in hemocyte morphol-
ogy compared to those of the control (AD)-fed larvae.
Cell deformities and increased mitosis in prohemocytes,
the granular cells were degranulated and vacuolated.
The cytoplasm of the oenocytoids becomes dense blue.
Enlargement in the plasmatocytes nucleus, the spherule
cells appeared with denser spherules (Fig. 3). After ten
days of G. mellonella larvae feeding on PE-LD only, the
hemocyte types were completely undifferentiated, vacu-
olated, with shrinking cell membranes, bubbling, the
cytoplasm of oenocytoids appeared deeply stained with
Giemsa with structureless nuclei, as shown in Fig. 4c.
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Fig. 3 Light microscopic Giemsa stained photomicrograph (x1000) of G. mellonella hemocytes of larvae fed on AD+PELD, a mitotic prohemocyte,
b plasmatocyte spherical shape, ¢ granular cell (gr), plasmatocytes (pl), d plasmatocyte oval shape, e oenocytoid (Oe), f spherule cell (Sp), g mitosis
of plasmatocytes and granular cells, h structureless, degranulated, aggregation of cells

SEM of G. mellonella larval hemocytes

Five types of circulating hemocytes could be differen-
tiated in the hemolymph of G. mellonella larvae, under
SEM: granular cell, plasmatocyte, prohemocyte, and
oenocytoid; granular cells are always spherical or ovoid as
shown in Figure 5a. Plasmatocytes are usually round- or
spindle-shaped and the plasma membrane exhibits irreg-
ular processes, filopodia, and pseudopodia, as shown in
Fig. 5b, c. The larvae fed on AD+PE-LD (Treatment 1),
granular cells and plasmatocytes were undifferentiated
as in Fig. 5h. Prohemocytes are small and round in lar-
vae fed on AD, but when larvae fed on AD+PE- LD the
prohemocyte was ruptured and undifferentiated. Oeno-
cytoids are represented as big and elongated, as shown in
Fig. 5e. In the case of larvae fed on AD+PELD, all the
cells appeared with irregular deformed and degranu-
lated shapes, increased pseudopodia with ruptured

cell membranes. Cells become aggregated with either
increased swollen or shrunk appearance, as shown in
Fig. 5f-i.

TEM of G. mellonella larvae

The effects of PELD feeding on the hemocytes

The hemocytes of G. mellonella larvae fed on normal diet
(AD) are presented in Fig. 6. The prohemocyte appeared
as small round cell with very big nucleus and a small rim
cytoplasm (Fig. 6a). Figure 6b represents the plasmato-
cytes with pseudopodia and very big nucleus. However
the hemocytes of G. mellonella fed on AD + PELD for ten
days as presented in Fig. 6¢c, d appeared enlarged in size
and vacuolated and aggregated. In the larvae of G. mel-
lonella fed on PELD for ten days, the hemocytes were
paled, undifferentiated, and appeared with dark particles
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Fig. 4 Light microscopic Giemsa stained photomicrograph (x1000) of G. mellonella hemocytes of larvae fed on PE-LD only a prohemocyte, b
granular cell (gr), plasmatocyte (pl), c oenocytoid, d plasmatocyte, e spherule cells, f types of undifferentiated hemocytes

on them, as in Fig. 6e, f, and that was most likely due to
the phagocytosis of PELD pieces.

The effects of PELD feeding on the mid-gut characteristics

The ultrastructure of the mid-gut tissue of G. mel-
lonella last instar larvae fed on AD (control) revealed
four types of cells: columnar cells (cl) are the most
prominent cell type, which is characterized by a central
nucleus and a deeply folded apical membrane, repre-
senting the microvilli (Fig. 7A, C). Several phagosomes

of undigested PELD pieces appeared in the columnar
cells of the mid-gut of G. mellonella last instar larvae
fed on PELD for ten days as shown in Fig. 7G, H. This
cell type is responsible for digestive enzyme produc-
tion as well as the absorption of nutrients (Caccia et al,,
2019). As for the fine structure of the organelles, there
were not any changes that appeared in this cell configu-
ration type (cl) compared to those of normal AD feed-
ing (Fig. 7E). Many electron-dense granules in their
cytoplasm, as in Fig. 7C, evidence the secretory nature



Elmekawy et al. The Journal of Basic and Applied Zoology (2023) 84:27

BTN
2S5k U

LiEe’ - - pgvano

¥

198V-m

Page 8 of 14

ieerm ©00000 25kU  Ri10e 100um GABGADS

18Hm

aﬁnaao

25kU X1.0880 1@um

Fig. 5 SEM of G.mellonella hemocytes (a-e) larvae fed on AD (control), a granular cell, b plasmatocyte, ¢ plasmatocytes, d prohemocyte, e
different types of G. mellonella hemocyte, f-i hemocytes of larvae fed on AD + PELD appeared bubbling with structureless cell membranes

and undifferentiated pseudopodia

of ECs. There was not any significant change in EC in
the mid-gut of the last instar G. mellonella larvae fed
on AD +PELD, as in Fig. 7E. Goblet cell (G) is with spe-
cial morphology and functions, and usually, the nucleus
is basally located as shown in the mid-gut of G. mel-
lonella larvae fed on AD (Fig. 7B). There was no goblet
cell noticed in the mid-gut of G. mellonella last instar

larvae fed on AD +PELD or PELD, separately. A stem
cell (SC) known as a regenerative cell, SC, is charac-
terized by a blast-like morphology, with limited, dense
cytoplasm, and few organelles. They can be scattered
as single cells along the gut. The presence of glyco-
gen granules and lipid droplets scattered in the cyto-
plasm of SCs was observed in the mid-gut epithelium
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on AD+ PELD, vacuolated hemocytes (v), aggregated, with structureless cytoplasm (c) and uncharacterized nucleus (N). e, f G. mellonella hemocytes
of larvae fed on PELD, melanized phagosome surround engulfed pieces of plastic (arrow)



Elmekawy et al. The Journal of Basic and Applied Zoology (2023) 84:27

2mid 1.4t
int Mag: 2900x © 86 ma
133 09/22/22

dmid 1.uit
Int Mag: 2900x © 86 mn
409/22/22 0KV

t Mag: 2900x

1mid 1.tit
Tmid2.tit

Print Mag: 3600x § 86 mm
. 13:1209/21/22

2 microns
WV =80,0kV
Diroct Mag: 2900

Print Mag: 2900x @ 86 am
10:0% 09/22/22

10 midy.tit
Print Mag: 2850x B 51 mm
9:32 11/28/22

2 microns
HV80.0kV
Direct Mag: 3600x

Print Mag: 2130x # 51 =m
9:09 11/28/22

Page 10 of 14

_— Int Mag: 3600x B 86 mm
3 micyons P49 09s22722
HV=80.0kV g

Diroct Mag: 2900x

MV =80.0kV

Direat MagtI¢oex:

Mag: 2900x @ 86 mm T microna
09,22/22 HV - 80.0kV

2.t
Diroct Mag: 2900x. |

2 microns
1V=80.0kV
Direct Mag: 3600x

Smid2.tif
Print Mag: 5810x § 86 mm
13:02 09/21/22

2 microns
HV-80.0kV
Direct Mag: 5800x

2 microns
1V~ 80.0kV
Direct Mag: ¢800x

Fig. 7 A-D TEM photomicrograph of mid-gut cells of G. mellonella larvae fed on AD (control) shows columnar epithelium (cl), goblet cell (G),
endocrine cell (EC), stem cell (SC). E, F Mid-gut cells of larvae fed on AD+PELD show the endoplasmic reticulum (ER), Golgi apparatus (Gi),

and vacuoles (V). F the electron-dense granules (Gr), and the mitochondria (M). G, H the mid-gut cells of G. mellonella larvae fed on PELD show
the phagocytosis of PELD pieces in the columnar cell (cl). I represents the stem cell (SC) in the mid-gut of G. mellonella larvae fed on AD+ PELD,

and its nucleus (N)

of G. mellonella larvae fed on AD (Fig. 7D), as well as
those larvae fed on AD+PELD (Fig. 7I). However, in
the mid-gut cells of larvae fed on PELD, there was no
SC, observed (Fig. 7G, H). Moreover, mid-gut cells of

larvae fed on AD+PELD revealed dense scattered
granules and mitochondria with a great increase in size
and number (Fig. 7F). And the other mid-gut organelles
as the endoplasmic reticulum, and the Golgi apparatus
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Fig. 8 A Total hemocyte counts of G. mellonella last instar larvae fed
on AD (control), fed on AD+PELD (Treat 1), and fed on PELD (Treat 2).
B Differential hemocyte counts of G. mellonella last instar larvae fed
on AD (Treatment 1) and fed on AD +PELD (Treatment 2)

were seen in the columnar epithelium (cl) cells with
swollen shape (Fig. 7E) compared to normal feeding
mid-gut cells of Fig. 7A-D.

Total hemocytes count

The total hemocyte number of the last instar of
G. mellonella fed on the AD (control) was deter-
mined (mean=5.333+1.61x10% Fig. 8A, which was
increased when larvae fed on AD+PELD for ten days
(Treat 1) 6.81+1.32x 10% conversely, when the larvae
fed on PELD, the total hemocyte counts were decreased
(Treat2) 4.62+1.95 x 10°.

Percentages of differential hemocyte counts (%DHC)

The light microscopy differentiation revealed that five
hemocyte types were identified in G. mellonella larvae
fed on the AD (control): the prohemocyte occupied
approximately 33% of the hemocytes population, the
granular cell formed 13% approximately of the hemo-
cyte counts, the plasmatocyte were 40%, the most
prevalent hemocyte type, oenocytoid 9.33% and 4.67%
spherule cell. In the larvae fed on AD+PELD (Treat-
ment 2) in Fig. 8B, the prohemocytes increased insig-
nificantly (P>0.05) compared to control (36%), but
granulocytes (granular cells) remarkably increased
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compared to control (38.333), however plasmatocytes,
oenocytoids, and spherule cells decreased signifi-
cantly representing 19.33, 5.33, and 2.00, respectively.
However, in those larvae that were fed on PELD only,
the hemocyte shapes and consistencies were greatly
undifferentiated.

Discussion

Plastics have become an integral part of our lives, but
their accumulation in the environment poses serious
challenges, causing damage to ecosystems and wildlife
due to their low biodegradability. Among insects, the
greater wax moth (G. mellonella) is a notorious pest that
inflicts significant harm to beehive farms, contributing
to honeybee colony collapse disorder. Despite this nega-
tive impact, G. mellonella possesses a unique ability to
digest both bee wax and polyethylene (PE), making it a
valuable model for studying innate immunity (Junqueira
et al,, 2021). In addition to being easy to rear, low main-
tenance cost, and having many offspring in a short lifecy-
cle, with no ethical restrictions, the G. mellonella genome
was published recently (Coates et al., 2019; Wojda et al.,
2020). In this study, we explored the sensitivity of G. mel-
lonella larvae to different diets, including artificial diet
(AD), AD mixed with PE-LD (polyethylene low density),
and PE-LD alone. To assess the immune response toward
plastic feeding, we evaluated the circulating hemocyte
hemogram using light, scanning, and transmission elec-
tron microscopy (TEM). Additionally, we examined the
mid-gut cells using TEM.

G. mellonella larvae were successfully reared on an
artificial diet consisting of cereal products, milk pow-
der, yeast, honey, and glycerol, making them suit-
able for laboratory studies. The investigation revealed
distinct hemocyte types in the last instar larvae of G.
mellonella fed on AD compared to those on diets con-
taining plastic pieces. Hemocytes play a critical role in
various physiological processes throughout an insect’s
life cycle. They originate from the lymph gland, a spe-
cialized hematopoietic organ, during the larval stages
of Lepidoptera and Diptera orders (Hartenstein, 2006;
Wang et al., 2014). This gland was prominent in the last
instar larvae of G. mellonella in the present investiga-
tion as detected with the TEM results during normal
feeding AD diets. The presence of prominent hemocyte
types, such as prohemocytes, plasmatocytes, granular
cells, spherule cells, and oenocytoid, was consistent
with previous findings (Altunta et al., 2012). Hemocytes
are involved in cell migration, chemotaxis, inflam-
mation regulation, cell apoptosis, and embryogenesis
(Wood & Jacinto, 2007). They also mediate the cellular
innate immune response, which includes processes like
cell spreading, aggregation, nodulation, phagocytosis,
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and encapsulation of foreign invaders (Strand, 2008).
They also orchestrate specific insect humoral defenses
during infection, such as the production of antimi-
crobial peptides and other effector mechanisms (Fau-
varque & Williams, 2011; Nehme et al., 2011). The
results in the current study indicated that the total
number of circulating hemocytes increased markedly
when the PELD was added to the artificial diet (AD)
in a ratio of 1:1 over ten days (AD+ PELD) by weight.
However, the total hemocyte number decreased when
the larvae were fed on PELD alone. The percentage
of different types of hemocytes changed significantly
when the larvae were fed on PELD + AD. Conversely, in
the case of the larvae fed on PELD only, the circulating
hemocytes were greatly damaged and become undif-
ferentiated, vacuolated, and aggregated. Phagosomes
of adherent undigested plastic pieces were observed in
melanized aggregates of the oenocytoid hemocytes that
are apparent as the biggest-sized cell was confirmed
by Altincicek et al., 2008. The same insect species have
discovered this hemocyte type to be responsible for
the production of the nucleic acids that are indicated
as immune-responsive molecules relevant to antimi-
crobial peptides toward bacterial pathogens, and they
are also related to the crystal cells in the fruit fly Dros-
ophila melanogaster where both types of cells are large,
regular in shape, contain phenoloxidases, and rup-
ture upon immune activation (Strand, 2008; Wood &
Jacinto, 2007). And also this specific type of hemocytes
is responsible for producing nucleic acids as immune-
responsive molecules, particularly antimicrobial pep-
tides that combat bacterial pathogens. Comparisons
with Drosophila melanogaster, which lacks granulo-
cytes and the apolipoprotein III gene present in many
other insects, suggest significant differences between
insect species (Smith et al., 1994). Moreover, the exami-
nation of mid-gut epithelial cells using TEM revealed
various cell types, including columnar cells respon-
sible for digestive enzyme production and nutrient
absorption, endocrine cells (EC) involved in maintain-
ing insect homeostasis through the release of bioactive
peptides, and goblet cells (G) with distinct morphology
and functions. Stem cells (SC) were also present in the
mid-gut, known for their regenerative capacity. Unfor-
tunately, feeding on PE-LD caused severe impairment
in the mid-gut epithelium, leading to structureless dif-
ferentiation, electron-dense granulation, and enlarge-
ment of deformed mitochondria (Caccia et al., 2019).
These findings align with studies exploring the effect
of other substances on Spodoptera littoralis larvae
mid-gut (Shaurub et al., 2020). Spochacz et al., (2021)
have also highlighted the toxicity of glycoalkaloids, the
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secondary metabolites of plants belonging to the Solan-
aceae family that clearly showed the disturbance of the
structure of the mid-gut of G. mellonella.

Conclusions

PELD has a serious adverse effect on the immune system
of living organisms, manifested through the phagocytosis
of plastic particles by both hemocytes and mid-gut cells.
The alterations in total and differential hemocyte counts
were evident, indicating a significant immune response
to PELD exposure. Our findings align with the investi-
gation by Sanluis-Verdes et al. (2022), affirming that G.
mellonella larvae are attracted to PELD and digest it with
their saliva, indicating a feeding behavior rather than a
mere preference. Moreover, it is worth noting that PELD
lacks essential nutritional components and carries harm-
ful chemical constituents, which may exacerbate its det-
rimental effects. Remarkably, our study highlights the
potential of Galleria mellonella as an excellent model to
explore the responses of living organisms to pollutants,
which pose severe global threats to human life. This model
offers valuable insights into blood cell-dependent innate
immune responses, shedding light on both conserved and
derived molecular mechanisms. Future research in this
direction holds great promise in enhancing our under-
standing of the impact of pollutants on biological systems
and the broader implications for human health.
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