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ABSTRACT

Nanoparticles (NPs) are released directly or indirectly into nature with increased production and
consumption, and their effects on insects, which occupy a large place in the ecosystem, are of interest.
There is also interest in the potentially toxic effects of NPs applied to hive pests on parasitoids, honey
bees, and host-parasitoid relationships. The influence of aluminum oxide (Al203) NPs on the biological
features of the hive pest Galleria mellonella, total counts of hemocyte, and hemocyte types; as well as
on the biological features of the endoparasitoid Pimpla turionellae were investigated. The data
obtained revealed that Al.O3 NPs caused a decrease in the larval, pupal, and adult development time
of G. mellonella. The immature developmental time of P. turionellae was reduced. It was also
demonstrated that Al.O; NPs decreased the total counts of hemocytes in G. mellonella larvae;
granulocyte, spherulocyte, oenocytoid, and prohemocyte counts decreased at all NP concentrations,
while plasmatocyte counts increased. The data showed that Al20:; NPs affected the biological
properties of the hive pest model organism G. mellonella and indirectly affected its endoparasitoid P.
turionellae. In addition, Al203 NPs showed a suppressive effect on cellular immune system responses,
decreasing hemocyte counts. Our study results suggest that honey bees, honeycomb pests, and
parasitoids may be negatively affected by NPs, which have increased in recent years as environmental
pollutants, and that NPs may have insecticidal effects.

Keywords: Aluminium oxide nanoparticle, Biological features, Galleria mellonella, Hemocyte, Pimpla
turionellae

0z

Diinya ¢apinda liretim ve tiiketimin artmasiyla birlikte nanopartikiiller (NP’ler) dogrudan ya da dolayli
olarak dogaya salinmaktadir ve ekosistemde biiyiik bir yer kaplayan boéceklerde etkileri merak
uyandirmaktadir. Ayrica kovan zararlisina uygulanan NP’lerin parazitoitler lizerinde muhtemel toksik

etkileri, diger bir deyisle bal arilari ve konak-parazitoit iligkileri ilgi cekmektedir. Bu nedenle aliiminyum
oksit (Al203) NP’lerin kovan zararlisi1 Galleria mellonella’nin biyolojik 6zellikleri, toplam hemosit sayisi
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ve hemosit tipleri ile endoparazitoid Pimpla turionellae’nin biyolojik oOzellikleri lizerindeki etkisi
arastinidi. Elde edilen veriler, Al20O3 NP'lerin G. mellonella’nin larva, pupa ve ergin gelisim sirelerinde
azalmaya neden oldugunu ortaya koydu. P. turionellae’nin ise olgunlagsma oncesi gelisim siiresi
kisaldi. Ayni zamanda Al203 NP'lerin G. mellonella larvalarindaki toplam hemosit sayisini azalttig:;
graniilosit, sferiilosit, 6nositoid ve prohemosit sayilarinin tiim NP konsantrasyonlarinda azaldigi,
plazmatosit sayilarinin ise arttigi tespit edildi. Bulgular, Al2Os NP'lerin kovan zararlisi model organizma
G. mellonella’nin biyolojik 6zelliklerini etkiledigini ve endoparazitoiti P. turionellae’nin dolayh olarak
etkilendigini gosterdi. Ayrica Al203 NP'lerin hiicresel bagisiklik sistemi tepkileri arasinda yer alan
hemosit sayilarinin azalmasi ile sonuglanarak baskilayici etki gosterdigi goriildii. Calisma sonuglarimiz
bal arilarinin, petek zararlilarinin ve parazitoitlerinin gevresel kirleticiler olarak son yillarda artan
NP’lerden olumsuz etkilenecegi ve NP’lerin insektisidal etki gosterebilecegi diisiincesini ortaya
koymaktadir.

Anahtar Kelimeler: Aliiminyum oksit nanopartikiilii, Biyolojik 6zellikler, Galleria mellonella, Hemosit,

Pimpla turionellae

GENISLETILMiS OZET

Amag: Agir metaller ve bu metallerin oksitlenmis
nano yapilari gunlik hayatta siklikla karsilasilan
toksik maddelerden biridir. Agir metaller arasinda
yer alan aliminyum zorlu c¢evresel ve iklim
kosullarina olan dayaniklihgi, hafif ve sunek
yapilarindan dolayi kolay sekil alabilmesi nedeniyle
siklikla dretimde tercih edilmektedir. Aliminyumun
oksijen ile tepkimesi sonucu olusan aliminyum oksit
(Al203) nanopartikilleri (NP) fiziksel ve kimyasal
ozellikleri nedeniyle birgok uygulama alaninda diger
NP’lere kiyasla daha fazla ilgi gormektedir.
Metallerin 6zellikle AlzO3 NP’ler gibi nanopargacik
formlari viicuda beslenme, solunum ve deri yoluyla
kolaylikla alinmaktadirlar. Biyolojik olarak vicuttan
atihmlari kolay olmayan bu nano yapili metal oksit
tirevleri canli saghigini tehdit etmektedir. Bununla
birlikte son vyillarda AlOs NP’lerin bdceklerde
insektisit etkileri merak konusu olmustur. Bu nedenle
bocekler ve insanlar dahil tim ekolojik sistemler
Uzerinde olusturabilecedi etkilerin belirlenmesine
ihtiyag duyulmaktadir. Bal arisi, Apis mellifera ve
Apis cerana'nin bir zararlisi olan buyuk balmumu
guvesi Galleria mellonella bal arisi
populasyonlarinda azalmaya neden olur ve bu
zararh turlerle micadele etmek aricilik endustrisi igin
Onemli bir sorun haline gelmistir. Diger yandan
Pimpla turionellae, bu zararlilarin endoparazitoidi
olarak tanimlanir ve biyolojik mucadelede etkilidir.
Cevrede artan NP konsantrasyonlari direkt veya
konak ile etkilesimleri sonucu dolayli olarak
endoparazitoitleri  etkileyebilir. ~ Bu  nedenle
calismada farkli konsantrasyonlarda Al203 NP’lerin
konak Galleria mellonella'nin ve endoparazitoiti
Pimpla turionellae'nin biyolojik Ozelliklerine etkisini
incelemek amaclandi. Ayni zamanda bu NP’lerin
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konak turiin hemosit aracili immun sistemine etkileri
de belirlendi.

Gereg-Yontem: Galleria mellonella larvalari 50,
100, 500 ve 1000 ppm konsantrasyonlarinda Al2O3
NP iceren sollsyonlar hazirlanarak sentetik besinin
su igerigine eklendi ve ilk evre larvalardan son evre
larvalara gelisinceye kadar beslendi. Al203 NP’ler
sadece larval gelisim siresince uygulandi. Al2Os3
NP’lerin G. mellonella'nin larva, pupa ve ergin
gelisim sureleri ile agirlik ve uzunluklar gibi yagsam
dongusu parametrelerine etkisi belirlendi. Pupalarin
bir kismi parazitleme igin kullanildi. Parazitlemenin
ardindan bu NP’lerin endoparazitoit P.
turionellae’'nin olgunlasma 6ncesi gelisim suresi ve
ergin 6mrlu gibi yasam donglsu parametrelerine
etkileri gézlendi. Bununla birlikte P. turionellae’nin
agirlik ve wuzunluk gibi morfolojik &zellikleri de
kaydedildi. Konak tdrin tim deney gruplarini
olusturan son evre larvalardan alinan hemolenf
suspansiyonlart  Neubauer  hemositometresine
yuklendi ve total hemosit sayisindaki degisiklikler faz
kontrast mikroskobunda gézlemlendi. Son olarak
Al2O3 NP kaynakli hemosit tiplerindeki degisiklikler
Giemsa boyama ydntemi kullanilarak faz kontrast
mikroskobunda belirlendi.

Bulgular ve Sonug: G. mellonella’da Al2Os NP’ler
larval, pupal ve ergin gelisim surelerini (gin) doza
bagli bir sekilde azaltti. P. turionellae’nin olgunlasma
oncesi gelisim suresinde doza bagh bir sekilde
azalma dusuk dozlardan itibaren goéruldd. Diger
taraftan P. turionellae’nin ergin émri, agirhgr ve
uzunlugunda o6nemli  bir farkliik  goérilmedi.
Calismamiz metal AlzO3 NP’lere kronik olarak maruz
kalan konak G. mellonella'nin biyolojik kontrol ajani
parazitoit P. turionellae ile etkilesimleri sonucu
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gelisim surelerini etkiledigini ortaya koymaktadir.
Ancak bu NP’lerin konak ve parazitoitlerin morfolojik
Ozelliklerine 6nemli etkileri gdézlenmedi.

Al2O; NP’lerin tim deney gruplarinda toplam
hemosit sayisinda azalmaya neden oldugu tespit
edildi. Hemosit tiplerinden granilosit, sferilosit,
onositoid ve prohemosit sayilarinin tim dozlarda
azaldigi, plazmatosit sayilarinin ise arttigi belirlendi.
Elde edilen sonuglar ile Al2Os NP’lerin model
organizma G. mellonella'nin hicre-aracili bagisiklik
sistemi Uzerinde baskilayici etkileri oldugunu ortaya
koymaktadir. Verilerimiz metal tirevli Al2Os NP’lerin
G. mellonella'da insektisidal etki gosterebilecegini ve
potansiyel insektisit olabilecegini vurgulamaktadir.
Ancak ekosistemde dnemli bir biyolojik kontrol ajani
olan P. turionellae’nin da NP kaynakl toksisiteden
etkilenebilecedi belirlendi. Bu sonuglar insan
beslenmesinin 6nemli kaynagi olan bal arilarinin da
nanokirleticilerden etklenebilecegini ortaya
koymaktadir. Bu nedenle Al2Os NP’lerin daha iyi
anlasilmasi ve ydnetimine dikkat edilmesi son
derece 6nemli olacaktir.

INTRODUCTION

Since nanomaterials are increasingly used in a wide
variety of fields, their toxic effects are a matter of
curiosity. Among them, nanoparticles (NPs) are
utilized in many industries from biomedicine to
engineering (Bankier et al. 2019). They have an
exceptional place in the industrial field due to their
properties such as their nano size, high reactivity,
and physical and chemical features. Metal and metal
oxide NPs constitute more than 30% of the entire
NP-containing products (Kumar et al. 2018, Lopez-
Mufioz et al. 2019). At the same time, metallic nano
and microparticles, which can be comprised of both
natural periods and anthropogenic factors are
among the major causes of environmental pollution
(Yanar et al. 2022). Nano-sized NPs may be more
toxic to living organisms than their ionic forms
(Tungsoy 2018, Eskin and Bozdogan 2022) and
micro / macro-sized materials (Das et al. 2019). NPs
may enter organisms through the respiratory or
digestive system and may be carried by circulation
to several organs and tissues. They can enter the
cell through biological membranes through
endocytotic  transport  processes such as
phagocytosis, pinocytosis, or receptor-mediated
endocytosis (Ahmad et al. 2019, Assar et al. 2022,
Tuncsoy and Mese 2021). After that, they can cause
cellular toxicity and become lethal factors (Assar et

al. 2022, Tuncsoy and Mese 2021). Both in vitro and
in vivo investigations have shown that metal oxide
NPs have genotoxic (Sharma et al. 2009),
carcinogenic, and mutagenic (Kumar et al. 2011,
Pan et al. 2010) potentials.

Aluminum constitutes nearly 8% of the elements in
the Earth’s crust (Barabasz et al. 2002, Kara et al.
2020). Aluminum oxidizes spontaneously in the air
to form aluminum oxide (Al2O3) NP with a prooxidant
feature (Fricault 2018). Since metals are prone to
hydrolysis in an aqueous environment, they can
affect oxidoreduction processes in biological
systems. A metal with a redox potential may produce
reactive oxygen species by interfering with reactions
such as Fenton that occur in living cells (Egorova
and Ananikov 2017). Their toxicity on organisms is
not adequately understood; research on their acute,
chronic, and environmental toxicity is also
inadequate (Ismail et al. 2021). Al2O3s NPs’ impact on
biological systems, including insects, has raised
concerns. Studies indicate that these nanoparticles
can induce oxidative stress, alter enzymatic
activities, and affect cellular structures in insects
(Kara et al. 2020; Demirturk et al. 2023). For
example, exposure to Al2O3 NPs may lead to
changes in hemocyte counts and function, which are
critical components of the insect immune system.
However, some of them have been recommended
as possible biopesticides for seed conservation
apart from their normal usage (Lépez-Munoz et al.
2019, Sahayaraj 2017). Therefore, Al203 NPs may
have an essential role in agricultural applications
(Lépez-Munoz et al. 2019, Poborilova et al. 2013,
Willhite et al. 2014) and may be used instead of
traditional insecticides (Ismail et al. 2021). Such
research results may contribute to its use in
Integrated Pest Management.

Honey bees have a crucial role in ecosystem
function as well as in agricultural production and are
considered as essential pollinators. However, they
face an increasing number of stressors, especially
xenobiotics, directly and indirectly (Hung et al. 2018,
O’Connell et al. 2024). The greater wax moth,
Galleria mellonella L. (Lepidoptera: Pyralidae), is a
natural pest of honey bee (Apis mellifera L.)
colonies. By inactivating honey bee colonies, they
may periodically cause significant losses to the
beekeeping industry (O’Connell et al. 2024). On the
other hand, NPs of xenobiotic origin can affect the
hive pest G. mellonella and indirectly honey bees.
Additionally, insects are considered bioindicators in
studying the toxicity, bioaccumulation, and
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biotransfer of metals in the ecosystem and
determining their effect on environmental pollution
(Banville et al. 2012, Kara et al. 2020, Wu and Yi
2015). The immune system of G. mellonella, which
is among the larvae of Lepidopteran species,
resembles the mammalian immune system both in
structure and function (Gwokyalya and Altuntas
2019, Tungsoy et al. 2021). G. mellonella is hence of
interest for physiological, immunological, and
toxicological investigations (Altuntas 2015, Ugkan et
al. 2021). Hemocytes of G. mellonella recognize
foreign substances and phagocytose them, similar to
neutrophils in the mammalian immune system
(Browne et al. 2013, Tungsoy et al. 2021). Species
of the Lepidoptera generally have particular
hemocytes: granulocytes, plasmatocytes,
spherulocytes, oenocytoids, prohemocytes, and
adipohemocytes (Lavine and Strand 2002, Altuntas
et al. 2012). Nanotoxicological studies with this type
of insect may help to detect the potential impacts on
human health and the ecosystem (Eskin and
Bozdodan 2022, Zorlu et al. 2018). Pimpla
turionellae (Hymenoptera: Ichneumonidae) is one of
the endoparasitoids of the host G. mellonella (Kansu
and Ugdur 1984, Ucgkan et al. 2011). Nanomaterials
that affect the host are likely to indirectly affect
parasitoids, and these particles could potentially
disrupt their host- parasitoids interactions. As
hemocytes in G. mellonella play an crucial role in
defence against parasitoid invasion, NPs may
compromise this defence by affecting hemocyte
viability and function, making the host more
susceptible to parasitism. Conversely, nanoparticles
may also affect the parasitoid's ability to successfully
parasitise the host by interfering with its biological
processes. The introduction of nanoparticles into the
environment, including agricultural settings, may
pose a risk to non- target organisms like beneficial
insects. Therefore, Al2Os NPs were given to G.
mellonella larvae via diet, and their influence on the
life cycle of host and endoparasitoid P. turionellae,
and total hemocyte counts and hemocyte types of
host larvae were investigated. Our results provide
information on the influence of Al203 NPs on
biological and hemocyte-mediated immunity in host-
parasitoid insects. The study aimed to reveal the
effects of Al20s NPs on the life cycle and immune
system of G. mellonella due to their environmental
toxicity (with nutrition) their impact on host-parasitoid
interactions.
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MATERIALS AND METHODS
Host and Parasitoid Rearing

The host greater wax moth G. mellonella was reared
at 25 £ 3 °C, a humidity of 60 * 3%, and 24 hours of
darkness. A synthetic diet was prepared from
honeycomb, bran, honey, glycerin, and distilled
water for feeding during larval stages (Bronskill
1961, Sak et al. 2006). The endoparasite P.
turionellae was reared at a temperature of 25 + 3 °C,
a humidity of 60 + 3%, and 12: 12 h (Light: Dark)
lighting conditions. They were fed with sterile cotton
wool soaked with honey solution (30%, V: V) diluted
with distilled water and pupal hemolymph of G.
mellonella (two pupae for five females) three times a
week.

Nanoparticles

Aluminum oxide nanoparticles (nanopowder Al2O3
NPs, TEM particle size < 50 nm) were purchased
from Sigma Aldrich (Alz203 NPs reference: 544833).
For the preparation of NP solutions, a bath-type
sonicator was used at 40 °C for 10 min. Data
(scanning electron microscope images and Zeta
potentials of Al2O3 NPs) on the characterization of
AlOs NPs were given in our previous study
(Demirtiirk et al. 2023).

Bioassays

Determination of Al2O3 NP lethal concentrations
(LCso, probit analysis), preparation of larvae diets,
and application of NPs to the diet were performed as
in the previous study (Demirtlirk et al. 2023). Al2O3
NP solutions prepared at different concentrations
were used instead of water content and fed until the
larvae grew to the last instar. As a result of Probit
analysis, three concentrations below and one
concentration above the LCso value were selected
and 50, 100, 500 and 1000 ppm Al20O3 doses were
used (Demirtlirk et al. 2023). The time required to
complete the larval, pupal, and adult stages was
recorded. Adult weights and sizes were measured.
In addition, the pupae were parasitized by
reproductively mature P. turionellae females. The
time from the parasitism of the host G. mellonella
pupae by P. turionellae to the formation of adult
parasitoids (immature developmental time) and the
longevity time of adult parasitoids were regularly
observed and recorded. The weight and size data of
P. turionellae were also measured.

200



ARASTIRMA MAKALESI / RESEARCH ARTICLE

Hemolymph Collection

To determine the total and differential hemocyte
counts of host larvae, firstly, the last instars of G.
mellonella (0.21 + 0.01 g) from the experimental
groups were chosen randomly. Larvae were
anesthetized on ice for approximately 4-6 minutes
and sterilized with ethanol (70%). The hind leg of the
larvae was punctured with a needle and hemolymph
was removed with a micropipette (Eppendorf, St.
Louis, MO).

Total and Differential Hemocyte Counts

To determine the influence of NPs on circulating total
hemocyte counts (THCs), the protocol
recommended by Altuntas et al. (2012) was applied.
Hemocytes were counted under 60 x magnification
in a phase contrast microscope (Nikon Eclipse Ti-U
Phase contrast microscopy). Results expressed as
THCs 108 cells / mL hemolymph (Altuntag et al.
2012).

Giemsa staining protocol was used for differential
hemocyte counts (DHCs) (Uckan and Sak 2010).
DHCs in hemolymph preparations obtained from
larvae were observed under phase contrast
microscopy. For DHCs, 500 cells from a single larva
were counted on each slide. Hemocyte types were
identified using the morphological characters
described by Altuntas et al. (2012).

Statistical Analysis

The means of data were analyzed by using the
Independent Samples T-test and One-Way ANOVA

in SPSS version 27. Levene's test analyzed
concentration-dependent changes in the means for
the normality of the data distribution. In One-way
variance analysis, Tukey’s HSD (Tukey’s Honestly
Significant Difference) was applied if the means
were homogenous and Tamhane’s t2 post hoc test
was used if the means were not homogenous. For
all the statistical tests, the p-value was taken as 0.05.

RESULTS

Biological Features of Galleria mellonella and
Pimpla turionellae

All Alz03 NP concentrations caused shortening of
the larval and pupal developmental time of G.
mellonella (df1, df2 = 4,70, F = 37.15, p = 0.00 <
0.001; df1, df2 = 4,70, F = 17.09, p = 0.00 < 0.001).
For both groups, the greatest decrease occurred at
the concentration of 1000 ppm. Adult longevity was
shortened at concentrations of 50, 100, and 500 ppm
Al203 NPs. Besides, adult longevity did not become
different in the 1000 ppm group (df1, df2 = 4,70, F =
26.76, p = 0.00 < 0.001). Adult weights of larvae in
the group treated with 500 ppm Al20s NP
concentration increased, while there was no
significant change in the other groups (df1, df2 =
4,70, F = 7.70, p = 0.00 < 0.001). In addition, no
changes in adult size were observed (df1, df2 =4,70,
F=1.12, p=0.35, Table 1).

Table 1. Aluminum oxide nanoparticles (Al203 NPs)-associated changes in larval, pupal, and adult development time (day),
adult weight (mg) - size (mm) of Galleria mellonella

Concentrations Larval Pupal . . .

of Al203 NPs Developmental Time  Developmental Aquilrlrt]:?gse)v:ty Adtl(lrtr‘V\;tanht A((’:]Irtn?'*ze
(ppm) (day) * Time (day) * y g

Control 27.1+0.33a 14.2 +0.422 14.8 £ 0.432 79.7 £ 0.402 13.7£0.382

50 23.6 £ 0.37b¢ 12.4 £ 0.41° 10.7 £ 0.43b¢ 81.1+0.422 14.4 +0.322

100 24.7 +0.33b 12.9 £ 0.50%° 9.33+0.34° 80.3 £ 0.342 13.9+0.352

500 22.4 +£0.43¢ 10.8 £ 0.41¢ 11.8 £ 0.32° 82.6 £ 0.42° 14.2 +0.342

1000 20.9 + 0.44¢ 9.66 + 0.39¢ 12.0 £ 0.312 80.8 £ 0.302 13.2+0.332

* All data for each group are represented as Means + Standard Errors. In each group, the mean of 15 individuals was given
and three replicates were analyzed. Means following the same letter in each column is not substantially different, but
particular letters (a-d) are significant (p < 0.001).

The immature developmental time of P. turionellae
decreased at all concentrations (df1, df2 = 4,70, F =
5.12, p = 0.001 < 0.05). However, on average, the
maximum decrease of 12.9% occurred at
concentrations of 500 and 1000 ppm. No significant
differences were observed in longevity, weight, and

size of adult parasitoids (df1, df2 = 4,70, F = 17.09,
p =0.06; df1, df2=4,70, F = 26.76, p = 0.92; df1, df2
= 4,70, F = 7.70, p = 0.88, Table 2). Even if there
were changes in “Mean + Standard Errors” values
between the groups, they were not statistically
significant.
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Table 2. Aluminum oxide nanoparticles (Al203 NPs)-associated changes in immature and adult development time (day),
adult weight (mg) - size (mm) of Pimpla turionellae

cg;‘;‘fz’gzarzi;:s De:,“;{:::::;ital Adult Longevity  Adult Weight  Adult Size
(ppm) Time (day) * Time (day) (mg) (mm)

Control 20.9 + 0.33° 245 + 0.30° 183026 113023

50 19.6 + 0.41% 23.0 + 0.38° 179+023  10.9+0.18°

100 19.3 +0.36° 233 +0.34° 17.6+0.26°  10.6+0.37°

500 18.4 +0.34° 238 +0.22° 17.7+0318  11.0+0.22°

1000 18.6 £ 0.31° 24.2 +0.26° 18.0£0.30°  10.8+0.26°

* All data for each group are represented as Means + Standard Errors. In each group, the mean of 15 individuals was given
and three replicates were analyzed. Means following the same letter in each column is not substantially different, but
particular letters (a-d) are significant (p < 0.05).

Total and Differential Hemocyte Counts and 100 ppm NP, THCs decreased by 30.6% and
44.9%, respectively. In the higher concentrations of
500 and 1000 ppm NP groups, THCs decreased by
58.9% and 62.7%, respectively (Figure 1).

Hemocyte counts in larvae were decreased at all
Al203 NP concentrations (df1, df2 = 4,70, F =3.59, p
= 0.01 < 0.05). At the lowest concentrations of 50

Total Hemocyte Count (x1 0° cell/mL)

49.01

26.93

10

0 1 2 3 4 5 6
-« Total Hemocyte Count ......... Linear (Total Hemocyte Count)

1: Control, 2: 50 ppm, 3: 100 ppm, 4: 500 ppm, 5: 1000 ppm Al;O; NPs

Figure 1. Chronic toxic effects of aluminum oxide nanoparticles (Al203 NPs) on total hemocyte count ( x 108 cells / mL) of
Galleria mellonella Data represent “Mean + Standart Error” of 15 larvae in total (p < 0.05; One-way ANOVA, Tukey’s HSD).

The differences in differential hemocyte counts counts were significantly higher at all concentrations
(cells/500) of G. mellonella larvae associated with compared to the control group (df1, df2 = 4,70, F =
Al2O3 NPs are given in Figure 2. Plasmatocyte 402.56, p = 0.00 < 0.05). In each treatment group,
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important changes were noticed equated to the
control (98.75 + 2.16) and the maximum
plasmatocyte increase in the 1000 ppm group was
165.9%. The major hemocyte type in G. mellonella
larvae was plasmatocyte cells, which constituted
147.03 + 2.22, 172.23 + 3.51, 233.11 + 3.25, and
262.62 + 4.63 of the total hemocyte population at all
concentrations (50, 100, 500 and 1000 ppm),
respectively. On the contrary, significant decreases
in granulocyte counts were observed in all groups
with Al203 NP concentrations (df1, df2 = 4,70, F =
121.48, p = 0.00 < 0.05). Granulocyte count was
195.03 + 1.70 in the control group and a 56.5%

decrease was observed at the highest (1000 ppm)
Al2Os NP concentration. Means + Standard Errors
(Means £ SE) values of granulocyte counts from low
to high concentrations were 181.60 £ 2.19, 169.92 +
2.64,134.51 £2.37, and 124.65 + 4.21, respectively.
Similarly, significant decreases in spherulocyte,
oenocytoid, and prohemocyte counts have been
observed at all low and high concentrations (df1, df2
=4,70, F =14.81, p = 0.00 < 0.05; df1, df2=4,70, F
=34.94, p = 0.00 < 0.05; df1, df2 = 4,70, F = 18.58,
p = 0.00 < 0.05). Maximum reduction rates (at 1000
ppm concentration) were 73.2% (spherulocyte),
88.8% (oenocytoid), and 85.6% (prohemocyte).

Differential hemocyte counts (cells / 500)

300

250

200

150 =

100 =

]

. =

Control 50 ppm

100 ppm

500 ppm 1000 ppm

Plasmatocyte - Granulocyte ——— Spherulocyte = Oenocytoid ——— Prohemocyte

Figure 2. Influence of Aluminum oxide nanoparticles (Al203 NPs) on plasmatocyte, granulocyte, spherulocyte, oenocytoid,
and prohemocyte counts Galleria mellonella larvae. Data represent “Mean + Standart Error” of 15 larvae in total (p < 0.05;

One-way ANOVA, Tukey’'s HSD).

DISCUSSION

The expanding use of NPs in numerous industries
and their accumulation in the environment is critical
for host-parasitoid relationships, which are the life
vests of the ecosystem (Uckan and Gilel 2002). The
effects of NPs on the hive pest G. mellonella, which
adversely may affect honey bees (pollinators and
honey producers), and its endoparasitoid P.
turionellae species are particularly vital presently.
Research on the relation between the biological
features of insects and metal oxide NPs is restricted

and gives varying results. Especially studies on
Al2O3 NPs are few (Assar et al. 2022, Kara et al.
2020). In a study conducted on the house fly model
“Musca domestica L.”, silver (Ag), Al203, and ZnO
NPs were administered to larvae with diet for 72
hours, and it was reported that all NPs caused
elongation in larval and pupal developmental time
(Assar et al. 2022). In G. mellonella, it was found that
pupal development time and pupal weights were not
different from iron oxide NPs (FesO4) NP application
(Eskin et al. 2021). In another study investigating the
biological properties of G. mellonella, it was reported
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that TiO2 NPs extended the development time of
larvae and pupae (Zorlu et al. 2018). The research
shows that Al20s NPs can alter developmental
timelines, with larvae and pupae of G. mellonella
experiencing shortened developmental stages at
various concentrations of Al2O3 NPs. This contrasts
with other studies showing that different metal oxide
NPs extend development times. Such findings
indicate that Al2Os NPs have a unique impact on
insect physiology, potentially by accelerating
metabolic processes or through toxicological stress
that prompts faster development as a survival
response.

Adult longevity is an important parameter in insect
biology and studies on nanotoxicity show highly
variable results. Eskin et al. (2021) reported that
FesO4 NPs did not differ in adult weights and lifespan
of G. mellonella. It has been documented that 5000
ppm ZnO NPs extend the adult lifespan of G.
mellonella (Eskin and Nurullahoglu 2022). In
contrast, it has been observed that different ZnO
NPs applied on Spodoptera frugiperda shortened
female and male adult lifespans in a dose-
dependent manner (Pittarate et al. 2021). It has been
reported that TiO2 NPs shorten adult lifespan even at
low concentrations in G. mellonella (Zorlu et al.
2018). We observed that Al2Os NPs (50, 100, and
500 ppm), like ZnO and TiO2 NPs mentioned in
previous research, also shorten adult longevity. In
addition, only the 500 ppm Al203 NP group showed
an increase in adult weight, while no change was
observed in adult size. Heavy metals such as copper
and zinc have been expressed to decrease the
longevity of insects (Coskun et al. 2021, Sang et al.
2018). The reduction in adult longevity for G.
mellonella exposed to Al2Os NPs, along with an
increase in adult weight at higher NP concentrations,
suggests that these NPs might be influencing energy
allocation and stress responses. The observed
shortening of lifespans parallels findings with other
NPs, indicating a potential universal stress response
across different NP types. According to the study of
Uckan et al. (2015) with the parasitoid P. turionellae,
treatment with indole-3-acetic acid (IAA) did not
affect adult weights, only 5000 ppm IAA decreased
female weights. In addition, while the size of adult
females did not change, declines in immature
developmental time and, adult longevity have been
observed at IAA doses = 1000 ppm (Uckan et al.
2015). Unlike these data, the immature
developmental time of P. turionellae parasitoids
decreased at all Al2O3 NP concentrations, while no
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change was observed in the longevity of adult
parasitoids. The unchanged adult longevity and
weight of P. turionellae despite its host’'s altered
development time and immune responses indicate a
complex interaction where the parasitoid might be
indirectly affected by the host's exposure to NPs.
This relationship is critical for understanding
ecosystem dynamics and potential cascading effects
within food webs.

Hemocytes have a substantial role in the cellular and
humoral immune systems of insects. The functioning
of many systems in the organism is related to the
immunity and hemocytes of insects (Kaya et al.
2021). As a response to immune defense, the
number and morphology of hemocytes may change
depending on toxic substances (Coskun et al. 2021,
Yucel and Kayis 2019). Kara et al. (2020) have
stated that Al20s NPs applied at different
concentrations and for different periods decreased
THCs in G. mellonella larvae. It was found that ZnO
NPs significantly reduced the counts of hemocytes
in G. mellonella (Nurullahoglu et al. 2015). Likewise,
it has been stated that TiO2 NPs reduced the counts
of hemocytes in the hemolymph of G. mellonella
(Zorlu et al. 2018). Tuncsoy and Mese (2021) have
documented that there were significant decreases in
THCs in the groups where the lowest and highest
concentrations of TiO2 NPs were applied. The same
researchers have found significant decreases in
THCs at high CuO concentrations, another metal
oxide NP (Tungsoy et al. 2021). Our data showed
that Al2Os NPs can cause changes in total and
differential hemocyte counts in G. mellonella
hemolymph. Earlier reports showing the interactions
between THCs and metal oxide NPs in insects
support our study with Al203 NPs. It was observed
that all concentrations of Al2O3 NPs were effective
and THCs decreased in G. mellonella larval
hemolymph. These decreases in THCs may be
associated with an increase in apoptosis in
hemocytes or inhibition of hemocyte production and
release by affecting the deterioration of
hematopoietic function due to the toxic influence of
Al2O:s.

Although their influence is various in the insect
immune system, the roles of hemocyte types are
crucial. Metal oxide NPs are effective in THCs, but
can also be effective in the number of hemocyte
types. Tungsoy et al. (2021) have observed
substantial increases in the counts of granulocytes
in LC1o group larvae as a result of CuO NP
application. Plasmatocyte counts were high in all
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CuO NP groups, and the biggest increments were
detected in prohemocyte and spherulocyte counts
as a result of LC+o application and in oenocytoid
counts in 1000 mg / L application (Tungsoy et al.
2021). Administration of ZnO NPs treated with
mulberry leaves to Bombyx mori for 12 and 24 h
increased the number of granulocytes and
plasmatocytes, while the population of
prohemocytes and spherulocytes decreased (Mir et
al. 2020). Similarly, it was shown that the population
of DHCs was significantly decreased, while the
count of oenocytoid was increased significantly in B.
mori larvae fed with mulberry leaves treated with
Zn0O NPs (Belal and Gad 2023). Plasmatocye counts
increased at all Al2O3 NP concentrations, while
granulocyte, spherulocyte, oenocytoid, and
prohemocyte counts decreased. These changes in
hemocyte counts may be due to increased cell
division rate, the release of bound hemocytes, or the
attendance of hemocytes in the cellular responses
including  phagocytosis, encapsulation, and
melanization. Since plasmatocyte has an essential
function in the formation of these cellular responses.
Furthermore, the population of hemocytes is
affected as a result of mitotic division of
prohemocytes (Er et al. 2011). It is considered that
the presence of Al20s NPs as a threat to the
organism may have resulted in the differentiation of
prohemocytes into plasmatocytes and the decrease
in the prohemocyte population may be related to
these conditions. In our previous study, we also
investigated encapsulation and melanization data
related to cellular immunity. We observed that Al2O3
NPs decreased larvae's strong encapsulation and
melanization responses at certain times (at 4 and 24
h) in a concentration-dependent (Demirtirk et al.
2023).

Compared with the results, the increase in
plasmatocyte counts observed in encapsulation and
melanization responses supports this hypothesis.
However, the decrease in other hemocyte counts
does not confirm this. At that point, decreases in
other hemocyte counts may be associated with
apoptosis or necrosis. This is also a curiosity about
other influences of Al203 NPs. Al203 NPs affect the
immune system of G. mellonella by altering
hemocyte counts. Decreases in THCs and changes
in specific hemocyte types suggest that these NPs
could weaken the insect’s immune defense, making
them more susceptible to pathogens and parasites.
This has broader implications for insect health and
survival in environments contaminated with NPs.

Conclusion: Collected data demonstrate that Al2O3
NPs cause significant changes in the life cycle of G.
mellonella and P. turionellae and the total, and
differential hemocyte means of the host species.
Therefore, this study may contribute to accumulating
of knowledge about the lifetime and cellular
immunity of nano Al203, which is among the metal
oxide NPs. A material that may cause nanotoxicity in
a living species in ecosystems may affect the food
chain or other living species due to its interaction
with other species. It is concluded that it may
represent the influence of Al203 NPs and may be
helpful for future research or insight into potential
influences on humans. Similar to G. mellonella, bees
exposed to NPs can experience adverse effects.
NPs can accumulate in bee tissues, causing
oxidative stress, disrupting metabolism, and
impairing immunity. This has significant implications
for bee health and hive stability, crucial for pollination
and ecosystem balance. Studies on the
environmental impact of NPs highlight their potential
to contaminate nectar and pollen, which bees
collect. This contamination can lead to
bioaccumulation and magnification of NP effects
within the hive, affecting brood development and
overall colony health. Understanding these impacts
is essential for developing safer agricultural
practices that minimize harm to beneficial insects
while leveraging the advantages of nanotechnology.
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