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Abstract: Many insecticides used against pests cause environmental pollution. Therefore, it is very important to develop new alternative
strategies to toxic insecticides. In this study, the physiological and biochemical effects of Ni (II) p-hydroxybenzoate with caffeine on
the model insect Galleria mellonella were investigated. In the present study, transferase enzyme activities such as alanine transferase,
aspartate transferase and gamma-glutamyl transferase, which regulate amino acid metabolism, were altered in hemolymph of G.
mellonella larvae exposed to Ni (II) p-hydroxybenzoate with caffeine. In addition, the activities of metabolic enzymes such as creatine
kinase, lactate dehydrogenase, and amylase increased in hemolymph of G. mellonella larvae. Amounts of the biochemical parameters
such as uric acid, bilirubin, albumin, cholesterol, and total protein were increased exposed to Ni (II) p-hydroxybenzoate with caffeine.
Based on these results, we can suggest a well-adjusted Ni (II) p-hydroxybenzoate with caffeine concentrations as a potential alternative

chemical for pest control.
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1. Introduction

A range of physical, chemical, and biological techniques
are used to manage pests and increase crop vyields.
Conventional insecticides used in chemical control with
pests cause environmental pollution and have toxic effects
on nontarget organisms. In recent years, anthelmintic,
antifungal, antibacterial drugs, and some metal complexes
with low toxic effects have been used as alternative
chemicals to insecticides in the management of pests
(Sertgelik et al., 2018; Aslan et al., 2019, Harmanc et al,,
2019; Kastamonuluoglu et al., 2020). Metal complexes
show different biological activities such as antioxidant,
antibacterial, antifungal, cytotoxic, and insecticide
according to the organic molecules in their structure
(Liu et al., 2018; Sertcelik et al., 2018; Piri et al., 2019;
Schattschneider et al., 2019; Akbaba, 2020; Venugopal et
al,, 2021; Sertcelik et al., 2021). Hydroxybenzoates and Ni
(IT) complex are environmentally friendly chemicals with
their biological and chemical properties (Sertcelik et al.,
2020). In addition, new chemicals with low toxicity are
synthesized by binding auxiliary ligands such as imidazole
and caffeine to these metal complexes (Agotegaray et al.,
2012). Therefore, these metal complexes have the potential
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to be an alternative new chemical to insecticides used
extensively in agricultural areas.

Oxidative damage occurs in organisms as a result of
infection and exposure to chemicals. Metabolic enzymes
such as alkaline phosphatase (ALP), gamma-glutamyl
transferase (GGT), creatine kinase (CK), and antioxidants
such as superoxide dismutase (SOD), glutathione
peroxidase (GPx), and catalase (CAT) eliminate oxidative
damage (Sugecti and Biiyiikgiizel, 2018; Pisoschi and Pop,
2015; Coskun et al., 2020). In addition, metabolic enzymes
and amount of ions have important roles in the regulation
of energy metabolism and homeostasis (Kayis et al., 2015;
Sugecti, 2021a)

Galleria mellonella is an important pest belonging to
the order Lepidoptera. G. mellonella is a pest that causes
significant damage to beehives (Kwadha et al., 2017). In
addition, in recent years, G. mellonella larvae have been
used as an invertebrate experimental model (Zorlu et
al., 2018; Staniszewska et al., 2020). G. mellonella can be
easily mass-produced in artificial diet under laboratory
conditions. The large surface area of last instar G. mellonella
larvae and easy isolation of hemolymph provide advantages
for investigating toxicological studies. In addition, ethical
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concerns are absent for invertebrate model organisms such
as insects. For this reason, it is used as a model insect in the
development of pest control methods (Dere et al., 2015;
Sugecti and Buiyiikgiizel, 2018; Aslan et al., 2019).

Lepidopteran pests cause the most economic loss in
agricultural areas. G. mellonella is used as a model organism
in the management of Lepidopteran pests (Sugecti
and Biyiikgiizel, 2018; Kastamonuluoglu et al., 2020).
Therefore, determining the oxidative effects of low toxicity
chemicals on G. mellonella can enable the development of
new strategies in the management of pests. In the present
study, the effects of Ni (II) p-hydroxybenzoate with
caffeine on the enzyme levels, biochemical parameters and
amount of ions in hemolymph of G. mellonella larvae were
investigated.

2. Materials and methods

2.1. Insect rearing

G. mellonella was reared on the artificial diet in the
Biochemistry and Animal Physiology Laboratory at
Zonguldak Biilent Ecevit University. Artificial diet
content; 420 g wheat bran, 150 mL filtered honey, 150 mL
glycerol, 20 g dark old honeycomb and 30 mL pure water
(Bronskill, 1961). G. mellonella was mass-produced in an
incubator (Nive, ES 500) set at 29 + 2 °C and 65 *+ 5%
relative humidity.

2.2. Experimental design and biochemical analyses

Ni (II) p-hydroxybenzoate with caffeine was synthesized
according to the method of Tagdemir et al. (2016). Ni (II)
p-hydroxybenzoate with caffeine was homogeneously
dissolved in ultrapure water. Different concentrations
(0.03%, 0.3%, and 3%) of Ni (II) p-hydroxybenzoate with
caffeine was injected into the abdomen of G. mellonella
larvae. Only distilled water was injected into the control
group. Hemolymph was collected 24 h after treatment. Last
instar larvae of G. mellonella were kept on ice for 5 min
for anesthesia. After anesthesia, the surface of the seventh
instar larvae of G. mellonella was disinfected with 95%
ethanol. In the present study, hemolymph was collected
from the abdomen of the G. mellonella. The hemolymph
was collected in Eppendorf tubes (1.5 mL) that were kept
on ice. A few phenylthiourea (PTU) (Sigma Aldrich,
Missouri, USA) crystals were placed in the Eppendorf
tubes to prevent melanization. Samples were stored at —80
°C until analysis.

Metabolic enzymes and biochemical analyses were
performed with the Beckman Coulter AU5800 (Brea, CA,
USA) using appropriate kits. Alanine transferase (ALT)
(Kit no: OSR6107), aspartate transferase (AST) (Kit no:
OSR6209), CK (Kit no: OSR6279), GGT (Kit no: OSR6120),
lactate dehydrogenase (LDH) (Kit no: OSR6128), amylase
(AMYL) (Kit No: OSR6182), albumin (ALB) (Kit no:
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OSR6202), bilirubin (BIL) (Kit no: OSR6212), total protein
(TP) (Kit no: OSR6232), uric acid (UA) (Kit no: OSR6298),
cholesterol (CHOL) (Kit no: OSR6212), Calcium (Ca)
(Kit no: OSR61117), potassium (K) (Kit no: OSR66320),
magnesium (Mg) (Kit no: OSR6189), and phosphorus
(Phos) (Kit no: OSR6222).

2.3. Statistical analysis

One-way analysis of variance (ANOVA) was used to
analyze data on transferase enzymes, metabolic enzymes
and biochemical parameters in the hemolymph of G.
mellonella larvae. Tukey’s HSD test was used to determine
the significance of the difference between the means. All
analyses were performed in SPSS v.15.0 (SPSS, Chicago,
IL, USA). A probability level of 0.05 was used to check the
significance of the difference between the averages.

3. Results

3.1. Effects of Ni (II) p-hydroxybenzoate with caffeine on
metabolic enzyme activity of Galleria mellonella

AST level was increased at all concentrations of Ni (II)
p-hydroxybenzoate with caffeine (F | : 102.767, p < 0.05)
(Figure 1a). However, other transferase enzymes ALT (F
510 37553, p < 0.05) (Figure 1b) and GGT (only for 3%
Ni (II) p-hydroxybenzoate with caffeine concentration)
(F, ,: 91.723, p < 0.05) levels were significantly decreased
when compared to the control group (Figure 1c). While
there was no statistical difference in cell damage indicator
LDH level at 0.03% and 0.3% Ni (II) p-hydroxybenzoate
with caffeine concentrations, LDH level significantly
increased at 3% Ni (II) p-hydroxybenzoate with caffeine
concentration (F , ,: 66.806, p < 0.05) (Figure 1d). AMYL
activity increased approximately 2-fold when compared to
the control group at 3% Ni (II) p-hydroxybenzoate with
caffeine concentration (F , : 113.475, p < 0.05) (Figure
le). CK activity in hemolymph significantly increased
after application of all treatments (F , :557.592, p < 0.05)

3,12°
(Figure 1f).

3.2. Effects of Ni (II) p-hydroxybenzoate with caffeine on
biochemical parameters of Galleria mellonella

The amount of nonenzymatic antioxidants ALB (F
: 25.542, p < 0.05) (Figure 2a), BIL (F 5 46.708,

3,12°

p < 0.05) (Figure 2b) and UA (F 5.0 80.504, p < 0.05)
(Figure 2c) significantly increased at the highest Ni
(II) p-hydroxybenzoate with caffeine concentration
compared to the control group. The amount of CHOL
increased approximately 2-fold when compared to the
control group at 3% Ni (II) p-hydroxybenzoate with
caffeine concentration (F , ,: 50.591, p < 0.05) (Figure
2d). Similarly, the amount of TP significantly increased at
the highest concentration when compared to the control
group (F . :60.828, p < 0.05) (Figure 2e).

3,12°
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Figure 1. Effects of Ni (II) p-hydroxybenzoate with caffeine on metabolic enzyme activity of Galleria mellonella. Bars represent the
means (+£SD) of four replicates. Means followed by the same letter are not significantly different (p > 0.05).

3.3. Effects of Ni (II) p-hydroxybenzoate with caffeine on
ion levels of Galleria mellonella

In the present study, the amount of Na decreased in
the hemolymph of larvae exposed to the highest Ni (II)
p-hydroxybenzoate with caffeine concentration; however,
there was no statistically significant difference (p > 0.05).
However, theamount of Na decreased significantly at0.03%
Ni (II) p-hydroxybenzoate with caffeine concentration.
(F ,,,: 24.993, p < 0.05) (Figure 3a). The amounts of K

(F, ,: 160.326, p < 0.05) (Figure 3b), Mg (F , :8.339, p

3,12° 3,12°

< 0.05) (Figure 3c), Phos (F st 6.162, p < 0.05) (Figure

3d), and Ca (F , : 75.851, p < 0.05) (Figure 3e) increased
significantly at the highest Ni (II) p-hydroxybenzoate
with caffeine concentration compared to the control
group. The amount of Cl increased at 0.3% and 3% Ni
(I) p-hydroxybenzoate with caffeine concentrations, but
there was no statistical difference (F | : 1.129, p > 0.05)

(Figure 3f).
4, Discussion

This paper demonstrated that cellular stress indicators,
antioxidant systems and metabolic enzymes altered in
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Figure 2. Effects of Ni (II) p-hydroxybenzoate with caffeine on biochemical parameters of Galleria mellonella. Bars represent the
means (£ SD) of four replicates. Means followed by the same letter are not significantly different (p > 0.05).

G. mellonella larvae due to the oxidative effect of Ni (II)
p-hydroxybenzoate with caffeine.

Metabolic enzymes play an important role in the
elimination of oxidative damage due to chemical and
biological agents. Transferase enzymes such as AST, ALT,
and GGT provide regulation of amino acid metabolism
(Hakkak et al, 2018; Sugecti et al., 2021). CK and
AMYL enzymes are involved in the regulation of energy
metabolism. The other metabolic enzyme LDH activity
is used as an indicator of cell damage (Ciesielczuk et
al., 2015). In the present study, ALT and GGT activity
significantly decreased while AST activity increased at
the highest concentration of Ni (II) p-hydroxybenzoate
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with caffeine. This change in transferase enzyme activities
may be due to disruption of amino acid metabolism. CK,
AMYL, and LDH levels were significantly increased in the
hemolymph of G. mellonella larvae. In another study, it
was reported that transferase enzymes such as AST, ALT,
and GGT activities and metabolic enzymes such as CK,
AMYL, and LDH levels increased due to the oxidative
effect of oxfendazole, an anthelmintic drug (Sugecti and
Biiytikgiizel, 2018). Tungsoy et al. (2021) reported that
metabolic enzymes such as AST, ALT, GGT, LDH, CK, and
AMYL levels significantly increased in hemolymph of G.
mellonella larvae exposed to copper oxide nanoparticles.
In another study, biochemical effects of Escherichia coli
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Figure 3. Effects of Ni (II) p-hydroxybenzoate with caffeine on ion levels of Galleria mellonella. Bars represent the means (+ SD) of
four replicates. Means followed by the same letter are not significantly different (p > 0.05).

infection on great wax moth were investigated. The authors
found that the biochemical and immune responses of the
insect was adversely affected in E. coli infection, and CK,
GGT, AMYL, and ALP levels were increased, especially 8 h
after with E. coli infection, as a result of oxidative damage
in the hemolymph of G. mellonella larvae (Sugegcti, 2021b).
Data from these studies demonstrated that biological and
chemical agents cause similar results on the same insect.
Enzymatic and nonenzymatic antioxidants play a key
role in the elimination of oxidative damage caused by
physiological and biochemical stresses (Biiyiikgiizel and
Kalender 2007, 2009; Upadhyay et al., 2014; Mironczuk-

Chodakowska et al., 2018; Kaur et al., 2021). In addition,
amounts of some biomolecules such as protein and lipid
in insects increase as an adaptation to oxidative damage
(Sak et al., 2011; Emre et al., 2013; Tungsoy, 2020). In the
current study, the levels of nonenzymatic antioxidants
such as ALB, BIL, and UA were increased when compared
to the control group. Nonenzymatic antioxidants may
have been increased to prevent oxidative damage due to
Ni (II) p-hydroxybenzoate with caffeine. In this study,
the increase in amounts of TP and CHOL may be an
adaptation developed against the oxidative damage. In
another study, it was reported that antioxidant system
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was altered due to oxidative damage in the midgut of G.
mellonella larvae exposed to a widely used biorational
pesticide Bacillus thuringiensis (Dubovskiy et al., 2008).
In a study by Tun¢soy and Mese (2021), four different
concentrations (5, 50, 250, and 1250 pg/mL) of titanium
dioxide nanoparticles were added to diet of model
organism G. mellonella larvae. The authors reported
that antioxidant enzymes levels significantly increased
in G. mellonella larvae. In another study, the oxidative
effects of juglone on G. mellonella were investigated. The
authors found that antioxidant enzymes were adversely
affected and induced lipid peroxidation due to juglone in
a concentration-dependent manner (Altuntas et al., 2020).
Our findings show that the oxidative stress caused by Ni
(II) p-hydroxybenzoate with caffeine can be eliminated by
nonenzymatic antioxidants.

Ions in insects are involved in the regulation of cellular
functions, which is deteriorated due to stress caused by
biological and chemical agents (Southall et al., 2006). In
this study, hemolymph ion levels such as K, Phos, Mg,
and Ca increased at the highest Ni (II) p-hydroxybenzoate
with caffeine concentration. The change in the amount of
ions may be for the regulation of the disturbed cellular

References

1. Agotegaray MA, Dennehy M, Boeris MA, Grela MA, Burrow
RA et al. (2012). Therapeutic properties, SOD and catecholase
mimetic activities of novel ternary copper (II) complexes
of the anti-inflammatory drug Fenoprofen with imidazole
and caffeine. Polyhedron 34 (1): 74-83. doi:10.1016/j.
poly.2011.12.005

2. Akbaba GB (2020). Determination of cytotoxicity of
Zinc 2-Bromobenzoate with Nicotinamide and N, N’-
Journal of

Diethylnicotinamide Caucasian

Science 7 (2): 130-139.

complexes.

3. Altuntas H, Duman E, Kilig G (2020). Juglone induced
oxidative and genotoxic stress in the model insect Galleria
mellonella L. (Pyralidae: Lepidoptera). International Journal
of Tropical Insect Science 40 (3): 611-619. doi:10.1007/s42690-
020-00107-w

4. Aslan N, Biyiikgiizel E, Biiyiikgiizel K (2019). Oxidative
effects of gemifloxacin on some biological traits of Drosophila
melanogaster  (Diptera: Drosophilidae). Environmental
entomology 48 (3): 667-673. d0i:10.1093/ee/nvz039

5. Bronskill J (1961) A cage to simplify the rearing of the
greater wax moth, Galleria mellonella (Pralidae). Journal the
Lepidopterists’ Society 15 (2):102-104.

6.  Biyiikgiizel E, Kalender Y (2007). Penicillin-induced oxidative
stress: effects on antioxidative response of midgut tissues in
instars of Galleria mellonella. Journal of Economic Entomology
100 (5): 1533-1541. doi:10.1603/0022-0493(2007)100[1533:po
se0a]2.0.co;2

172

functions. In another study, it was determined that cell
damage occurred due to Klebsiella pneumoniae infection.
The author reported that ions such as Mg, Ca, and K
due to this damage were suppressed (Sugecti 2021a). In
another study, the effects of organophosphate insecticide
dichlorvos (at concentrations of 2, 4, 6, and 8 ug per 100g
diet) on G. mellonella investigated. The authors reported
that ions such as Na and K significantly increased due to
the oxidative effect of dichlorvos (Kayis et al., 2015).

In this study, it was determined that Ni (II)
p-hydroxybenzoate with caffeine caused physiological
and biochemical stress on the model insect G. mellonella.
Cell damage, disruption of amino acid metabolism and
changes in the amount of nonenzymatic antioxidants may
be due to the oxidative effect of Ni (II) p-hydroxybenzoate
with caffeine. These results demonstrated that Ni (II)
p-hydroxybenzoate with caffeine may be used an
alternative chemical for insect pest control.

Acknowledgment
We are grateful to Dr. Mustafa Sertgelik for providing Ni
(II) p-hydroxybenzoate with caffeine used in this study.

7. Bliyiikgiizel E, Kalender Y (2009). Exposure to streptomycin
alters oxidative and antioxidative response in larval midgut
tissues of Galleria mellonella. Pesticide Biochemistry and
Physiology 94 (2-3): 112-118. doi:10.1016/.pestbp.2009.04.008

8. Ciesielczuk H, Betts J, Phee L, Doumith M, Hope R et al.
(2015). Comparative virulence of urinary and bloodstream
isolates of extra-intestinal pathogenic Escherichia coli in a
Galleria mellonella model. Virulence 6 (2): 145-151. doi:10.41
61/21505594.2014.988095

9. Coskun M, Kayis T, Gulsu E, ALP E (2020). Effects of selenium
and vitamin E on enzymatic, biochemical, and immunological
biomarkers in Galleria mellonella L. Scientific Reports 10 (1):
1-7. doi:10.1038/s41598-020-67072-9

10. Dere B, Altuntas H, Nurullahoglu ZU (2015). Insecticidal
and oxidative effects of azadirachtin on the model organism
Galleria mellonella L. (Lepidoptera: Pyralidae). Archives
of Insect Biochemistry and Physiology 89 (3): 138-152.
doi:10.1002/arch.21231

11. Dubovskiy IM, Martemyanov VYV, Vorontsova YL,
Rantala M]J, Gryzanova EV et al. (2008). Effect of bacterial
infection on antioxidant activity and lipid peroxidation in
the midgut of Galleria mellonella L. larvae (Lepidoptera,
Pyralidae). Comparative Biochemistry and Physiology Part
C: Toxicology & Pharmacology 148 (1): 1-5. doi:10.1016/j.
cbpc.2008.02.003



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

SUGEGTI and BUYUKGUZEL / Turk J Zool

Emre I, Kayis T, Coskun M, Dursun O, Cogun HY (2013).
Changes in antioxidative enzyme activity, glycogen, lipid,
protein, and malondialdehyde content in cadmium-treated
Galleria mellonella larvae. Annals of the Entomological Society
of America 106 (3): 371-377. doi:10.1603/AN12137

Hakkak R, Gauss CH, Bell A, Korourian S (2018). Short-
term soy protein isolate feeding prevents liver steatosis and
reduces serum ALT and AST levels in obese female zucker rats.
Biomedicines 6 (2) :55-66. doi:10.3390/biomedicines6020055

Harmanci C, Biiyiikgiizel K, Biiytikgiizel E (2019). The effect of
neomycin on survival and development of Pimpla turionellae
L. (Hymenoptera: Ichneumonidae) reared on a natural
host. Journal of Economic Entomology 112 (3): 1081-1088.
doi:10.1093/jee/toy419

Kastamonuluoglu S, Bityiikgiizel K, Biiyiikgiizel E (2020). The
use of dietary antifungal agent terbinafine in artificial diet
and its effects on some biological and biochemical parameters
of the model organism Galleria mellonella (Lepidoptera:
Pyralidae). Journal of Economic Entomology 113 (3): 1110-
1117. doi:10.1093/jee/toaa039

Kaur M, Chadha P, Kaur S, Kaur A (2021). Effect of Aspergillus
flavus on lipid peroxidation and activity of antioxidant
enzymes in midgut tissue of Spodoptera litura larvae. Archives
of Phytopathology and Plant Protection 54 (3-4): 177-190. doi:
10.1080/03235408.2020.1826719

Kayis T, Coskun M, Dursun O, Emre I (2015). Alterations
in antioxidant enzyme activity, lipid peroxidation, and
ion balance induced by dichlorvos in Galleria mellonella
(Lepidoptera: Pyralidae). Annals of the Entomological Society
of America 108 (4): 570-574. doi:10.1093/aesa/sav038

Kwadha CA, Ongamo GO, Ndegwa PN, Raina SK, Fombong
AT (2017). The biology and control of the greater wax
moth, Galleria mellonella. Insects 8 (2): 61. doi:10.3390/
insects8020061

Liu W, Qin Y, Liu S, Xing R, Yu H et al. (2018). C-coordinated

O-carboxymethyl chitosan metal complexes: synthesis,
characterization and antifungal efficacy. International Journal
of Biological Macromolecules 106: 68-77. d0i:10.1038/s41598-

018-23283-9

Mironczuk-Chodakowska I, Witkowska AM, Zujko ME
(2018). Endogenous non-enzymatic antioxidants in the
human body. Advances in Medical Sciences 63 (1): 68-78.
doi:10.1016/j.advms.2017.05.005

Piri Z, Moradi-Shoeili Z, Assoud A (2019). Ultrasonic
assisted synthesis, crystallographic, spectroscopic studies and
biological activity of three new Zn (II), Co (II) and Ni (II)
thiosemicarbazone complexes as precursors for nano-metal
oxides. Inorganica Chimica Acta 484: 338-346. doi:10.1016/j.
ica.2018.09.054

Pisoschi AM, Pop A (2015). The role of antioxidants in
the chemistry of oxidative stress: A review. European
Journal of Medicinal Chemistry 97: 55-74. doi:10.1016/j.
ejmech.2015.04.040

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Sak O, Ergin E, Uckan F, Rivers DB, Er A (2011). Changes in the
hemolymph total protein of Galleria mellonella (Lepidoptera:
Pyralidae) after parasitism and envenomation by Pimpla
turionellae (Hymenoptera: Ichneumonidae). Turkish Journal
of Biology 35 (4): 425-432. d0i:10.3906/biy-1001-22

Schattschneider C, Kettenmann SD, Hinojosa S, Heinrich
J, Kulak N (2019). Biological activity of amphiphilic metal
complexes. Coordination Chemistry Reviews 385: 191-207.
doi:10.1016/j.ccr.2018.12.007

Sertgelik M, Akbaba GB, Oztiirkkan FE (2021) Synthesis,
spectroscopic and cytotoxic properties of Zinc (II) and
Cobalt (II) 4-Fluorobenzoate with 3-Hydroxypyridine
complexes. Caucasian Journal of Science 8 (1): 14-26.

Sertcelik M, Sugecti S, Biiyiikgiizel E, Necefoglu H,
Biyiikgiizel K (2018). Toxicological and Physiological
Effects of Diaquabis(N,N-diethylnicotinamide-x ~ N1)
bis(4-formylbenzoato- » O)cobalt(II) complex on Galleria
mellonella L. (Lepidoptera: Pyralidae) as a model organism.
Karaelmas Science and Engineering Journal 8 (1): 359-364.
doi:10.7212%2Fzkufbd.v8i1.1207

Sertgelik M, Ozbek FE, Taslimi P, Durman M, Ozdemir M et
al. (2020). Synthesis, spectroscopic characterization, crystal
structure, density functional theory studies and biological
properties of coordination complex Ni (II) 2-fluorobenzoate
with 3-hydroxypyridine. Applied Organometallic Chemistry
34 (9): €5802. doi:10.1002/a0c.5802

Southall TD, Terhzaz S, Cabrero P, Chintapalli VR, Evans JM etal.
(2006). Novel subcellular locations and functions for secretory
pathway Ca2+/Mn2+-ATPases. Physiological genomics 26 (1):
35-45. doi:10.1152/physiolgenomics.00038.2006

Staniszewska M, Gizinska M, Kazek M, de Jesus Gonzalez-
Hernandez R, Ochal Z et al. (2020). New antifungal 4-chloro-
3-nitrophenyldifluoroiodomethyl sulfone reduces the Candida
albicans pathogenicity in the Galleria mellonella model
organism. Brazilian Journal of Microbiology 51 (1): 5-14.
doi:10.1007/s42770-019-00140-z

Sugecti S, Biiyiikgtizel K (2018). Effects of oxfendazole on
metabolic enzymes in hemolymph of Galleria mellonella
L. (Lepidoptera: Pyralidae) larvae reared on artificial diet.
Karaelmas Science and Engineering Journal 8 (2): 590-594.
doi:10.7212%2Fzkutbd.v8i2.1380

Sugecti S, Tungsoy B, Biiyiikgiizel E, Ozalp P, Biiyiikgiizel K
(2021). Ecotoxicological effects of dietary titanium dioxide
nanoparticles on metabolic and biochemical parameters of
model organism Galleria mellonella (Lepidoptera: Pyralidae).
Journal of Environmental Science and Health Part C 39 (4):
423-434. d0i:10.1080/26896583.2021.1969846.

Sugecti S (2021a). Pathophysiological effects of Klebsiella
pneumoniae infection on Galleria mellonella as an invertebrate
model organism. Archives of Microbiology 203: 3509-3517.
doi:10.1007/s00203-021-02346-y

Sugecti S (2021b). Biochemical and immune responses of
model organism Galleria mellonella after infection with
Escherichia coli. Entomologia Experimentalis et Applicata 169
(10): 911-917. doi:10.1111/eea.13092

173



34.

35.

36.

37.

174

SUGEGTI and BUYUKGUZEL / Turk J Zool

Tagdemir E, Ozbek FE, Sertcelik M, Hokelek T, Celik RC et
al. (2016). Supramolecular complexes of Co (II), Ni (II) and
Zn (II) p-hydroxybenzoates with caffeine: synthesis, spectral
characterization and crystal structure. Journal of Molecular
Structure 1119: 472-478. doi:10.1016/j.molstruc.2016.05.006

Tungsoy B (2020). Immune and metabolic effects of copper
oxide nanoparticles on Galleria mellonella L. larvae. Karaelmas
Science and Engineering Journal 10 (1): 53-60. doi:10.7212/
zkutbd.v10i1.1526

Tungsoy B, Mese Y (2021). Influence of titanium dioxide
nanoparticles on bioaccumulation, antioxidant defense and
immune system of Galleria mellonella L. Environmental
Science and Pollution Research 28: 38007-38015. d0i:10.1007/
s11356-021-13409-4

Tungsoy B, Sugecti S, Biiyiikgiizel E, Ozalp P, Biiyitkgiizel K
(2021). Effects of copper oxide nanoparticles on immune and
metabolic parameters of Galleria mellonella L. Bulletin of
Environmental Contamination and Toxicology 107 (3): 412-
420. doi:10.1007/s00128-021-03261-0.

38.

39.

40.

Upadhyay AK, Singh NK, Rai UN (2014). Comparative metal
accumulation potential of Potamogeton pectinatus L. and
Potamogeton crispus L.: Role of enzymatic and non-enzymatic
antioxidants in tolerance and detoxification of metals. Aquatic
Botany 117: 27-32. doi:10.1016/j.aquabot.2014.04.003

Venugopal N, Krishnamurthy G, Bhojyanaik HS, Naik
MM, Sunilkumar N (2021). Synthesis, characterization, and
biological activity of Cu (II) and Co (II) complexes of novel
N1, N2-bis (4-methyl quinolin-2-yl) benzene-1, 2-diamine:
CuO and CoO nanoparticles derived from their metal
complexes for photocatalytic activity. Inorganic and Nano-
Metal Chemistry 51 (8): 1117-1126. doi:10.1080/24701556.20
20.1814337

Zorlu T, Nurullahoglu ZU, Altuntas H (2018). Influence of
dietary titanium dioxide nanoparticles on the biology and
antioxidant system of model insect, Galleria mellonella
(L.) (Lepidoptera: Pyralidae). Journal of the Entomological
Research Society 20 (3): 89-103.



