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voracious feeding of larvae and their tunnelling behaviour, this pest destructs
the honeycomb and other bee-hive products. The objective of the present
study was to evaluate the impacts of the plant growth regulators (PGRS), viz.,
indole-3-acetic acid (IAA), indole-3-butyric acid (IBA), 2,4-
Dichlorophenoxy acetic acid (2,4-D) and 6-benzyladenine (6-BA), on the
important quantitative characters of the larval haemogram, viz., total
hemocyte count (THC) and differential hemocyte counts (DHCs). For this
purpose, the 3 instar larvae were force-fed on diet mixed with LCso of each
PGR (0.24, 0.022, 0.16 & 0.085 ppm, respectively). The haematological
investigation was conducted in haemolymph of the 5" and 7" (last) instar
larvae. The important results could be summarized as follows. Five main
types of freely circulating hemocytes in the haemolymph of the 5% instar and
7" (last) instar larvae had been identified as Prohemocytes, Plasmatocytes,
Granulocytes, Spherulocytes and Oenocytoids. The THC in haemolymph of
control larvae slightly decreased with the instar. The feeding of 3" instar
larvae on diet mixed with IBA, 2,4-D, or 6-BA resulted in increasing THC in
haemolymph of 5" instar larvae. Also, IAA, 2,4-D and 6-BA promoted 7'
instar larvae to produce considerably increasing THC. In contrast, IAA
exhibited a slight reducing effect on 5" instar larvae, since decreasing THC
was counted. Also, IBA exerted a suppressing action on larvae to produce
normal THC in 7" instar larvae. The tested PGRs exerted diverse actions on
DHCs since no certain trend was detected in the fluctuated hemocyte
populations. Moreover, some of the PGRs failed to affect the DHCs of certain
hemocyte types. However, the auxin PGR, IAA and IBA, may be effective
agents in the IPM program against G. mellonella.

INTRODUCTION

The greater wax moth or honeycomb moth, Galleria mellonella L. (Lepidoptera:
Pyralidae) is widely distributed throughout the world since it has been recorded in more than
77 countries (Kwadha et al., 2017; Rohet al., 2020). Larvae of this insectare used as a
powerful model organism to test the ecotoxicological, immune and physiological effects of
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environmental pollutants (Altuntas et al., 2022) as well as to screen the immunotoxic effects
of food preservative agents (Piatek et al., 2021;Erbas et al., 2022). Its maintenance and
rearing are both easy and inexpensive. Also, its use is considered to be more ethically
acceptable than other models, and its immune system has multiple similarities with
mammalian immune systems (Admella and Torrents, 2022). On the other hand, G.
mellonella causes serious problems in temperate, tropical and subtropical beekeeping
regions, where the warm temperature favour the rapid development of the moth (Chandel et
al., 2003;Mohamed et al., 2014; Makori et al., 2017). It is the major destructive pest of wax
comb because of its feeding habits and tunnelling through the combs (Viraktamath, 2010;
Ellis et al., 2013).

For the control of G. mellonella, various physical methods have been adopted
(Christen et al., 2008; Akyol et al., 2009; James, 2011). Also, several biological control
agents (Armendariz et al., 2002; Hussaini, 2003; Ellis et al., 2013; George et al., 2019) and
the sterile insect technique (or inherited sterility) have been assessed against this pest
(Carpenter et al., 2005; EI-Kholy and Mikhaiel, 2008). In addition, some insect hormone
analogues and insect growth regulators had been assessed against G. mellonella (Awasthi
and Sharma, 2012; Pamita and Priyanka, 2013). However, the control of this pest still relies
on insecticides. Although the use of these chemicals is somewhat easy and effective, some
precautions for the safety and contamination of bee products are considered. In general, the
discriminate uses of many broad-spectrum currently marketed insecticides have led to
several drastic problems for the environment (Nagqgash et al., 2016) and caused serious
toxicological hazards to humans (Costa et al., 2008; Mosallanejad and Smagghe, 2009;
Chaubey, 2015) in addition to the development of insect resistance toward the used
insecticides (Pereira et al., 2006; Sparks and Nauen, 2015; Maazoun et al., 2017). Also,
pesticides lead to oxidative stress on plants, inducing toxicity, impeding photosynthesis and
negatively affecting the yield of crops (Jan et al., 2020).

To avoid the previously mentioned hazards of chemically synthetic insecticides, it
is important to search for new effective and safe ways with negligible effects on the
ecosystem (Chandler et al., 2011; Korrat et al., 2012). Plant-derived products, or botanicals,
in general, could be efficient alternatives against G. mellonella because of their low toxicity
to mammals, fast degradability properties and regional availability (Rajendran and
Sriranjini, 2008; Abbasipour et al., 2009; Mahmoudvand et al., 2011). Over the past few
decades, many researchers and institutions in the world have focused on plant growth
regulators (PGRs) due to their effective control effects on various herbivores (Abdellaoui et
al., 2015). PGRs are naturally occurring or synthetic compounds that have the potential to
control several insect pests through their chemosterilant activity (BecerikliAksan et al.,
2022). Also, they have received increasing attention recently because they are
environmentally friendly compounds of plant origin (Er and Keskin, 2016). However, PGRs
have been classified into different categories. Hopkins and Hiiner (2004) classified the PGRs
into six classes: Gibberellins (GAs), Auxins (Auxs), Ethylene (ET), Cytokinins (CTKS),
Abscisic acid (ABA) and Brassinosteroids (BRs). Some years later, Stammet al. (2011)
classified the PGRs into main nine classes: Auxs, GAs, CTKs, ET, ABA, Brassinosteroids
(BRs), salicylic acid (SA), Jasmonates (JAs) and Strigolactones (SLs). Many authors (Kaur
and Rup, 2003; Uckanet al., 2014; Ucgkan et al., 2015; Celik et al., 2017; Nagaratna et al.,
2022) reported that the indolic PGRs caused serious effects on survival, development, adult
longevity, reproductive potential, hemocytes responses and haemolymph metabolites of
various lepidopterous pest species. Against G. mellonella, certain PGRs drastically affected
the survival, growth (Abo Elsoud et al., 2021a) and adult performance (Abo Elsoud et al.,
2021 b), as well as disturbed the activities of acid and alkaline phosphatases (Ghoneim et
al., 2022) and qualitative characters of larval haemogram (Hamadah et al., 2022).
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Haemogram is a statement of the hemocyte population picture in an insect at a
given time. It is a quantitative (Total hemocyte count, THC) and qualitative expression
(Differential hemocyte count, DHC) of the haemolymph and its constituent inclusions
(Arnold, 1972). In addition, the estimation of total haemogram in insects includes the
determination of mitotic index, cytological features of hemocytes and blood volume or
haemolymph volume (Bardoloi et al., 2016; Ghoneim, 2019). The insect haemogram is
suggested to be a useful tool for the investigation of the effects of toxic materials on
biocontrol agents because alterations in structure, types and the number of cells reflect
changes in physiological and biochemical processes (Qamar and Jamal, 2009; Berger and
Jurcova, 2012; Ghoneim et al., 2021a). The objective of the present study was to evaluate
the impacts of the PGRs, viz., indole-3-acetic acid, indole-3-butyric acid, 2,4-
Dichlorophenoxy acetic acid and 6-benzyladenine, on the most important quantitative
characters of the larval haemogram of G. mellonella, viz., total and differential hemocyte
counts.

MATERIALS AND METHODS

1.The Experimental Insect:

A culture of a susceptible strain of the greater wax worm Galleria mellonella L.
(Lepidoptera: Pyralidae) was established in the Department of Zoology, Faculty of Science,
Al-Azhar University, Cairo, Egypt, and maintained for several successive generations under
controlled conditions (27+2°C, 65+5% R.H., photoperiod 14 h L and 10 h D). This culture
was originally initiated by a sample of larvae kindly obtained from Desert Research Centre,
Cairo, Egypt. Larvae were transferred into glass containers, tightly covered with a muslin
cloth. Different techniques for preparing the artificial diet had been described by some
authors (Metwally et al., 2012; Nitin et al., 2012). In the present culture of G. mellonella, an
artificial diet was formulated depending on the method of Bhatnagar and Bareth (2004). The
diet contained maize flour (400 g), wheat flour, wheat bran and milk powder, 200 g of each.
Also, it was provided with glycerol (400g), bee honey (400g), and yeast (100g). However,
some improvements had been manipulated according to Ghoneim et al. (2019).

2. Plant Growth Regulators (PGRs):

Four PGRs were selected to be tested against G. mellonella, viz., (1) Indole-3-
Acetic Acid (IAA), a synthetic auxin compound with the chemical name: 2-(1H-indol-3-yl)
ethanoic acid. (2) Indole-3-butyric acid (IBA), a synthetic auxin compound with the
chemical name: 4-(1H-Indol-3-yl) butanoic acid. (3) 2,4-Dichlorophenoxy acetic acid (2,4-
D), a synthetic auxin compound. (4) 6-Benzyladenine (6-BA)(or 6-Benzylaminopurine), a
synthetic cytokinin with the chemical name: 4-hydroxyphenethyl alcohol. These PGRs were
purchased from Milipore Sigma, Burlington, MA 01803, USA Merk Ltd., Cairo, Egypt.

3. Larval Treatment with PGRs:

Depending on a toxicity bioassay using 100.0, 10.0, 1.0, 0.1, 0.01 and 0.001 ppmof
each PGR, LCso values were calculated as 0.24, 0.022, 0.16 and 0.085 ppm for 1AA, IBA,
2,4-D and 6-BA, respectively. the evaluation of the disturbing effects of these PGRs on the
total and differential hemocytes counts of G. mellonella, the 3™ instar larvae were force-fed
on an artificial diet supplemented with LCso concentration of each PGR. The control larvae
were fed on an untreated artificial diet. Haemolymph of the successfully moulted 5" and 7t
(last) instar larvae (treated or control) was subjected to examine the possibly affected
hemocyte counts.

4. Collection of Haemolymph:

The haemolymph samples were collected from the treated and control 5™ and 7'

instar larvae. Each haemolymph sample was obtained by amputation of one or two
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prothoracic legs, from the coxa of the larva using fine scissors. Gentle pressure was done on
the thorax for obtaining haemolymph drops by a non-heparinized capillary tube. Seven
replicates were used and the haemolymph from two individuals was never mixed.

5. Hemocyteldentification and Influenced Hemocyte Counts:

5.1. Hemocyte Identification:

Depending on the cell morphology, cytoplasmic ratio, cytoplasmic inclusions,
shape of the nucleus and dye-staining properties, the freely circulating hemocytes in the
haemolymph of 5" and 7" (last) instar larvae of G. mellonella had been identified and
distinguished based on the technique described by some researchers (Altuntas et al., 2012;
Blanco, 2016).

5.2. Total Hemocyte Count:

The haemolymph was collected into thoma-white blood cell diluting pipette to the
mark (0.5). Diluting solution (Na CI 4.65 gm, K CI 0.15 gm, CaCl; 0.11 gm, Crystal violet
0.05 gm and acetic acid 1.25 ml/liter distilled water) was taken up to the mark (11) on the
pipette  (dilution is 20 times). The first three drops were discharged to avoid errors. The
mixture was dispended to the chamber of the counting slide. After three minutes, the total
number of cells recognized in 64 squares of the four corners was counted. If the cells were
clumped or unevenly distributed, the preparation was discarded. The number of hemocytes
per cubic millimetre was calculated according to the formula of Jones (1962) as follows:

Number of haemocytes counted per champer x dilution x depth factor
Number of 1 mm squares counted
Where the depth factor is usually 10.
5.3. Differential Hemocyte Counts:
Stained haemolymph preparations were carried out, according to Arnold and Hinks
(1979). The haemolymph was smeared on clean glass slides, allowed to dry for one minute,
and fixed for two minutes with drops of absolute methyl alcohol. Fixed cells were stained
with Giemsa's solution (diluted 1:20 in distilled water) for 20 minutes, washed several times
with tap water, and dipped in distilled water. The stained smears were air-dried and mounted
in DPX with a slip cover. The hemocytes were viewed under the light microscope at a
magnification of 10 X 40 = 400 and 100 cells per slide were examined. The cell shape,
cytoplasmic ratio, cytoplasmic inclusions and shape of nucleus were used for classification
of hemocytes using the classification scheme of Brehelin and Zachary (1986).The
percentages of hemocyte types were calculated by the formula:

Number of each haemocyte type

Total number of haemocytes examined X 100

6. Statistical Analysis Of Data:

Data obtained were analyzed by the Student's t-distribution, and refined by Bessel
correction (Moroney, 1956) for the test significance of difference between means using
GraphPadInStat®v. 3.01 (1998).

RESULTS

In the present study, the freely circulating hemocytes in haemolymph of the5™ and 7*" (last)
instar larvae of G. mellonella had been identified into five main types, viz., Prohemocytes (PRS),
Plasmatocytes (PLs), Granulocytes (GRs), Spherulocytes (SPs) and Oenocytoids (OEs), depending
on the cell shape, cytoplasmic ratio, cytoplasmic inclusions and shape of the nucleus.
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1. Effects of Plant Growth Regulators (PGRs) on the Total Hemocyte Count (THC) of G.
mellonella:

After force-feeding of 3 instar larvae on diet mixed with LCso concentrations of Indole-
3-Acetic Acid (IAA), Indole-3-butyric acid (IBA), 2,4-Dichlorophenoxy acetic acid (2.4-D) and 6-
Benzyladenine (6-BA), data of THC were determined in the circulating haemolymph of both 5™
instar and 7" instar larvae and assorted in Table (1). Depending on these data, THC in haemolymph
of control larvae slightly decreased with the instar (20217+76.37 & 15000+100.0 cell/mm?, in the 5%
instar and 7" instar larvae, respectively). As obviously shown in the same table, feeding of 3™ instar
larvae on diet mixed with IBA, 2,4-D, or 6-BA resulted in increasing THC in haemolymph of 5™
instar larvae (41.38, 0.57 & 48.05% increments of THC, by IBA, 2,4-D and 6-BA, respectively).
According to these data, 6-BA exhibited the most potent enhancing effect on these larvae to produce
increasing THC, while 2,4-D exhibited the least enhancing effect. As an exception, IAA exhibited a
slight prohibitory effect on 5" instar larvae to produce normal THC (3.54% reduction of THC).
In respect of the THC in haemolymph of 7" instar larvae, data of the same table demonstrated that
IBA exerted a suppressing action on larvae to produce normal THC (27.4% reduction of THC) while
IAA, 2,4-D and 6-BA promoted the larvae to produce considerably increased THC in their
haemolymph (2.0, 19.78 & 17.17% increments of THC, by IAA, 2,4-D and 6-BA, respectively). The
strongest promoting effect on THC was exhibited by the compound 2,4-D.

Table 1: Total hemocyte count (THC, cell/mm?®+£SD) in 5" instar and 7™ instar larvae of G.
mellonella after force-feeding of newly moulted 3"instar larvae on diet mixed with
L Cso concentrations of plant growth regulator (PGR)”.

Larval instar
PGR Sth jnstar 7t jnstar
Mean+SD
Tndole3-Acetic Acid 19500+500.00 a 15300+904.1 a
Change (%) -3.54 +2.00
Mean+SD 28583+1454.6 d 10867+152.7d
Indole-3-butyric acid 28330
Change (%) +41.38 -27.4
2,4-Dichlorophenoxy Mean=SD 20333£251.66 a 17967+2289.8 a
acetic acid Change (%) +0.57 +19.78
. Mean=5D 29933+378.59 d 17567+1301.3 d
6-Benzyladenine
Change (%) +48.05 +17.17
Control Mean+SD 20217+76.37 15000+100.0

*: LCso values were: 0.24, 0.022, 0.16and 0.085ppm for Indole-3-Acetic Acid, Indole-3-butyric acid, 2,4-
Dichlorophenoxy acetic acid and Benzyladenine, respectively. Mean+SD followed with (a): insignificantly
different (P>0.05). (d): very highly significantly different (P<0.001).

2. Effects of PGRs on the differential hemocyte counts (DHCs) of G. mellonella:
2.1. Effects of PGRs on PRs population:
Data of PRs counts in haemolymph of control larvae and treated larvae were assorted in

Table (2). Depending on these data, the PRs population slightly increased in control larvae with the
instar. All PGRs remarkably promoted the 5™ instar larvae to produce a higher PRs population (55.4,
18.1, 7.4 & 59.1% increments of PRs, after treatment with IAA, IBA, 2,4-D and 6-BA, respectively).
On the basis of increasing PRs count, 6-BA exhibited the strongest enhancing effect while 2,4-D
exhibited the least enhancing effect.

With regard to the 7" instar larvae, data of the same table revealed that IAA, IBA & 6-BA
slightly prohibited the treated larvae to produce normal PRs population (28.9, 13.1 & 13.1%
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reductions of PRs count, after treatment with IAA, IBA & 6-BA, respectively). In contrast, 2,4-D
exceptionally stimulated the 7" instar larvae to produce an unremarkable increase of PRs (5.2%
increment of PRs).

Table2: Differential Prohemocyte count (Mean+SD) in 5" instar and 7" instar larvae of G.
mellonella after force-feeding of newly moulted 3"instar larvae on diet mixed with
L Cso concentrations of PGRs".

PGR
Larval instar Indole-3-acetic Indole-3- 2.4-Dichlorophenoxy | 6-Benzyladenine
| acid butyric acid acetic acid
Treated 42.5£2.0 ¢ 332£1.0b 29.2+1.0a 43.4#3.00c
5th larvae
Control 27.4£3.0 27.1£3.0 27.443.0 27.5£3.0
Change (%) +55.4 +18.1 +7.4 +59.1
Treated 27.3+3.0b 33.343.0a 40.244.0 a 33.3£1.0a
7t larvae
Control 38.4+4.0 38.4+4.0 38.1+4.0 38.5£4.0
Change (%) -28.9 -13.1 +5.2 -13.1

*, a: see footnote of Table (1). (b): significantly different (P<0.05), (c): highly significantly different (P<0.01).

2.2. Effects of PGRs on PLs Population:

Data arranged in Table (3) exiguously displayed a general decrease in PLs population in
the control larvae with the instar. After force-feeding of 3" instar larvae on diet mixed with LCso
concentrations of the present PGRs, data of the same table obviously revealed little inhibitory effects
of IAA, 2,4-D and 6-BA on PLs population (31.25, 6.25 & 37.5% reductions of PLs, by 1AA, 2,4-D
and 6-BA, respectively). As an exception, IBA enhanced larvae to produce a higher PLs population
(6.25% increased PLS).

In connection with the disturbed PLs population in haemolymph of 7" instar larvae, 1AA,
IBA and 2,4-D induced larvae produce an increasing population of PLs (7.4, 28.5 & 21.4%
increments of PLs, by IAA, IBA and 2,4-D, respectively) while 6-BA suppressed larvae to produce
a normal population of PLs (28.5% decrease of PLS).

Table 3: Differential Plasmatocyte count (Mean+SD) in 5" instar and 7" instar larvae of G.
mellonella after force-feeding of newly moulted 3"instar larvae on diet mixed with
L Cso concentrations of PGRs".

PGR
Larval instar Indolle—S— Indole-3- 2.4-Dichlorophenoxy i .
. . . . . . 6-Benzyladenine
acetic acid butyric acid acetic acid b
Treated 11.6£3.0 a 17.3x43 a 15.2422.0a 10.2+3.0b
5th Control 16.7£2.0 16.4£2.0 16.3£2.0 16.3£2.0
Change -
-31. +6. -6.25 -37.5
(%) 1.25 6.25 6 375
Treated 159+4.0a 18.5£5.2 a 17.7£3.0 a 10.8£3.6 a
- Control 14.8+1.0 14.1£1.0 14.6£1.0 14.7£1.0
Change -
+7.4 +28. +21.4 -28.5
(%) 7.4 28.5 1.4 8.5

*, a: see footnote of Table (1), b: see footnote of Table (2).
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2.3. Effects of PGRs on GRs Population:

Data of differential GRs count were distributed in Table (4). According to these data, GRs
population in haemolymph of control larvae slightly decreased with the instar. All tested compounds
prohibited 5" instar larvae to produce a normal population of GRs (39.2, 53.5, 10.7 & 17.9%
reduction of GRs population, by 1AA, IBA, 2,4-D and 6-BA, respectively). The strongest reducing
effect was exhibited by IBA. In contrast, all compounds promoted the 7" instar larvae to produce
increasing GRs population (9.5, 23.8, 14.2 & 28.5% increments of GRs, by IAA, IBA, 2,4-D and 6-
BA, respectively). As clearly seen in the same table, the most potent promoting effect was displayed
by 6-BA.

Table 4: Differential Granulocyte count (Mean+SD) in 5" instar and 7" instar larvae of G.
mellonella after force-feeding of newly moulted 3"instar larvae on diet mixed with
L Cso concentrations of PGRs”.

PGR
Larval instar Indole-3- Indole-3- t!,4—Dichlomphenoxy 6B 1adeni
acetic acid | butyric acid acetic acid -oenzyladenine
Treated 17.2£3.0b 13.744.35b 25.7#4.35 a 23.9220a
5th Control 28.0£5.0 28.8£5.0 28.8£5.0 28.0+£5.0
Change -
-39.2 -33.5 -10. -17.
(%) 39 3 10.7 17.8
Treated | 23.1£2.64 a 26.2+6.0 a 24.6+£3.0a 27.9£2.0b
7th Control 21.5+£1.5 21.3£1.5 21.7£1.5 21.3%1.5
Change -
+9. +23. +14.2 +28.
(%) 9.5 23.8 14 28.5

*

, & see footnote of Table (1), b: see footnote of Table (2).

2.4. Effects of PGRs on SPs Population:

Data of SPs population in haemolymph of 5" instar and 7" instar larvae were summarized
in Table (5). As obviously seen in this table, the SPs population in larval haemolymph remarkably
decreased with the instar. With regard to the disturbing effects of PGRs on the population of these
hemocytes, data of the same table exiguously revealed diverse effects, since IBA and 2,4-D induced
larvae to produce more SPs (50.0 & 21.4% increment of SPs, by IBA and 2,4-D, respectively) while
IAA and 6-BA failed to affect the SPs population.

Also, diverse effects were detected on SPs count in haemolymph of 7! instar larvae, since
IAA and IBA suppressed the larvae to produce a normal population of SPs (14.2 & 28.5% reduction
of SPs, by IAA and IBA, respectively) while 6-BA elicited larvae to produce a slight increase of SPs
(28.5% increment of SPs). On the other hand, 2,4-D failed to affect the SPs population in
haemolymph of 7" instar larvae.
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Table 5: Differential Spherulocyte count (Mean+SD) in 5" instar and 7" instar
larvae of G. mellonella after force-feeding of newly moulted 3"instar
larvae on diet mixed with LCso concentrations of PGRs”.

PGR
Larval instar In(lf:rle—.‘i: Indo.le—S—. 2,4—D1chl(.)r0p!1enoxy 6-Benzyladenine
acetic acid butyric acid acetic acid ¢
Treated 14.5£2.0a 21.1+4.0 b 17.243.0a 14.8+3.0a
&th Control 14.5=1.0 14.8+1.0 14.1£+1.0 14.8+1.0
- Change
45 +721.4
(%) 0.0 50.0 21.4 0.0
Treated 6.7£2.0 a 5.7+1.0a 7.3£2.0a 5.2420a
7th Control 7.3£1.0 7.8+1.0 7.3£1.0 7.4=1.0
Change N
(%) -14.2 -28.5 0.0 28.5

*, a: see footnote of Table (1), b: see footnote of Table (2).

2.5. Effects of PGRs on OEs Population:

Data of OEs population in haemolymph of both 5" instar and 7" instar larvae were assorted
in Table (6). Depending on these data, the OEs population in haemolymph of control larvae
considerably increased with the instar. Contradictory effects of PGRs were exhibited on the OEs
population in haemolymph of 5" instar larvae since IAA and IBA induced 5" instar larvae to produce
a higher OEs population (6.88% increment of OEs, by both 1AA and IBA) while 2,4-D and 6-BA
suppressed larvae to have a normal count of OEs (6.66 & 33.33% reductions of OEs, by 2,4-D and
6-BA, respectively).

In respect of the disturbing effects of PGRs on OEs population in haemolymph of 7" instar
larvae, data from the aforementioned table revealed stimulatory effects of IBA, 2,4-D and 6-BA on
larvae to gain more OEs in haemolymph (15.0, 20.0 & 25.0% increments of OEs, by IBA, 2,4-D and
6-BA, respectively). IAA was the exceptional compound to prohibit the 7" instar larvae to produce
a normal population of OEs (40% reduction of OEs).

Table 6: Differential Oenocyte count (Mean+SD) in 5" instar and 7" instar larvae of G.
mellonella after force-feeding of newly moulted 3™instar larvae on diet mixed with
L Cso concentrations of PGRs".

PGR
Larval instar Indole-3- Indole-3- 2.4-Dichlorophenoxy ) .
. . L L Y | 6-Benzyladenine
acetic acid butyric acid acetic acid
Treated 16.5£4.0 a 16..243.0a 14.2+£3.0 a 10.1=1.0 ¢
5th Control 15.4=1.0 15.1=1.0 15.4+1.0 15.7=1.0
Change
+6. +6. -0. =33.
(%) 6.66 6.66 6.66 33.33
Treated 23.2+43a 249+3.6a 12.2+3.0b 252+40a
7t | Control 20.3=1.0 20.8=1.0 20.5+1.0 20.4=1.0
Change <
-=l. +15. +20. +235.
(%) 40.0 15.0 0.0 25.0

*, a: see footnote of Table (1), b: see footnote of Table (2).
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Data distributed in Tables 2 — 6 revealed no certain trend of the disturbance in populations
of the differential hemocyte types because increasing or decreasing population of each type depended
on the potency of the tested compounds and the hemocyte type itself. In other words, the tested PGRs
exerted diverse actions on the differential hemocyte counts.

DISCUSSION

Basically, haemogram characters include quantitative (Total hemocyte count, THC)
and qualitative description (Differential hemocyte count, DHC) (Arnold, 1972),
haemolymph (blood) volume, mitotic index and cytological features of hemocytes. The THC
and DHC have been found to be quite variable depending upon the insect species, its
developmental stage, physiological state and the applied technique (for recent reviews, see
Ghoneim, 2019; Ghoneim et al., 2021a).

1. THC as A Quantitative Character of the Larval Haemogram of G. mellonella:
1.1. THC in Normal Larvae of G. mellonella:

On the basis of the available literature, Mall and Gupta (1979) estimated the THC
of the normal red pumpkin beetle Aulacophora foveicollis as an average 5500cells/mms3,
Hassan (1985) determined THC in haemolymph of normal larvae of the rice stem borer
Tryporyza sp. as an average 22475cellssmm3. The same author recorded THC in
haemolymph of the beetle Meladera sp. as an average 22300cells/mm?® in males and
29100cells/mm3 in females. Sabri and Tariq (2004) determined THC of A. foveicollis as 4372
cellssfmm3. Some years later, Chavan et al. (2017) estimated the THC in haemolymph of
normal larvae of the beetle Platynotus belli in an average of 26233.33+251.66 cells/mm?3. In
the light of these reported results, THC in haemolymph of normal larvae of G. mellonella
slightly decreased with the instar number (20217+76.37 and 15000+100.0 cells/mm3, of 5™
and 7" larval instars, respectively)in the present study. Our result disagreed with the reported
result of slightly increasing THC in G. mellonella (Ghoneim et al., 2021b) who estimated
the averages of 27400+38.6 and 28900+28.7 cells/mm?3 in 5" instar and 7" instar larvae,
respectively. Also, our result disagreed with some reported results of increasing THC in
some of the other insects with the age, such as the desert locust Schistocerca gregaria
(2550.0+180.3, 6266.7+125.8 and 6366.7+125.8 cells/mm?®, of early-, mid- and late-aged
nymphs, respectively)(Ghoneim et al. 2015 a); the pink bollworm Pectinophora gossypiella
(7213+716.91 cells/mm3 and 10138+918.67 cells/mm?, in 6 hr and 48 hr full-grown larvae,
respectively (Ghoneim et al., 2017) and Egyptian cotton leafworm Spodoptera littoralis
(9276.64+54.76 and 9441.33+28.45 cells/mm?®, at 24 and 72 h of last instar larvae,
respectively)(Waheeb, 2020).

It may be important to shed some light on the varying populations of the hemocyte
types in haemolymph of some insects, as reported in the current literature. The largest
hemocyte population in haemolymph of the last instar larvae of the lawn armyworm
Spodoptera mauritia was estimated for Plasmatocytes (PLs), followed by other hemocyte
types (Manogemet al., 2016). In normal larvae of P. belli, Chavan, et al. (2017) estimated
the largest population of Granulocytes (GRs), followed by Prohemocytes (PRs),
Adipohemocytes (ADs), Oenocytoids (OEs), PLs, Coagulocyte (CGs) and Spherulocytes
(SPs), respectively. As recorded by Ghoneim et al. (2015 a) for S. gregaria, the circulating
CGs had been observed as the largest population, followedby other hemocyte types,
regardless of the age of nymphs. As found by Ghoneim et al. (2017) for P. gossypiella, the
circulating ADs had been observed as the largest population, followed by other hemocyte
types, regardless of the age of larvae. As recorded by Waheeb (2020) for S. littoralis, the
circulating PLs had been observed as the largest population, followed by other hemocyte
types, regardless of the age of larvae. In the current study, the largest hemocyte population
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in haemolymph of the normal 5" instar larvae of G. mellonella was estimated for GRs,
followed by PRs, PLs, OEs and SPs, respectively. In addition, the largest hemocyte
population in haemolymph of the normal 7% instar larvae was estimated for PRs, followed
by GRs, OEs, PLs and SPs, respectively.

1.2. Disturbed THC in Larvae of G. mellonella by Plant Growth Regulators (PGRs):

Within the same insect species, the population of each hemocyte type varies over
development and adaptability in response to environmental stress (Bergin et al., 2005;
Brayneret al., 2007). Therefore, any stress condition resulting in changes in THC, hemocyte
morphology and functions would ultimately have an adverse influence on the overall
physiology and survival of the insect (Sharma et al., 2008; Feitosa et al., 2015; Haszcz,
2016). It is important to point out that the changes in THC indicated the stresses of synthetic
pesticides, insect growth regulators, plant-derived products and toxins intervening in the
intermediary metabolism and immune capability of insects (Qamar and Jamal, 2009).
However, responses of THC to chemicals, phagocytosis, encapsulation and metamorphosis
in insects were reviewed by Siddiqui and Al-Khalifa (2014) and Ghoneim et al. (2021a).

In the present study, the effects of PGRs [indole-3-acetic acid (IAA), indole-3-
butyric acid (IBA), 2,4-Dichlorophenoxy acetic acid (2,4-D) and 6-benzyladenine (6-BA)]
on THC in haemolymph of 5™ and 7" instar larvae of G. mellonella were investigated. The
3" instar larvae were force-fed on diet supplemented with dosel Cso of each PGR until the
51 instar. The force-feeding of 3™ instar larvae on diet mixed with IBA, 2,4-D, or 6-BA
resulted in an increasing THC in haemolymph of 5™ instar larvae. Also, IAA, 2,4-D and 6-
BA promoted 7" instar larvae to produce considerably increasing THC. These results were
in agreement with some reported results of increasing THC in various insects after treatment
with certain PGRs. For example, THC increased in the G. mellonella larvae after treatment
with different doses of Gibberellic acid (GAz) (Altuntas et al., 2012). THC increased in the
larvae of the lesser wax moth Achoria grisella after treatment with 1AA (Celik et al., 2017).
Apart from PGRs, THC increased in haemolymph of different insects after treatment with
some plant-derived products, such as S. littoralis (Rizk et al., 2001), the flesh fly
Parasarcophaga surcoufi (Ayaad et al., 2001), the tobacco cutworm Spodoptera litura
(Sharma et al., 2003), the seven-spot ladybird Coccinella septempunctata (Suhail et al.,
2007) after treatment with Azadirachtin (Azt) and the red palm weevil Rhynchophorus
ferrugineus after treatment with Neemazal (Azt formulation) (Hamadah and Tanani, 2017).
Also, THC increased in the black cutworm Agrotis ipsilon larvae after treatment with acetone
extract of Melia azedarach (Shaurub and Sabbour, 2017).

For understanding the increasing THC in haemolymph of G. mellonella 5" instar
larvae, after treatment with IBA, 2,4-D or 6-BA or in haemolymph of 7" instar larvae after
treatment with 1AA, 2,4-D and 6-BA, in the current investigation, some scenarios could be
provided. This THC increase might be due to a defensive action against the tested PGRs
(George and Ambrose, 2004). Also, increasing THC has been proposed owing to the
promotion of haematopoiesis (Kurt and Kayis, 2015) or the release of hemocytes that
adhered on surfaces (sessile haemocytes) within the haemocoel (Ghasemi et al., 2013a). In
addition, the increase in THC might be due to the activation of the mitotic division of
hemocytes which has been activated in response to the tested PGRs (Ratcliffe and George,
1976).Moreover, increasing THC can be regarded as an immune response of an insect
against a pathogen or other foreign materials (Anderson et al., 1995; Ordas et al., 2000),
since THC increase indicated that the hemocytes exhibit positive stress immunity in response
to the tested PGRs or toxic effect on the immunocytes (certain types of hemocytes) (Zibaee
and Bandani, 2010a; Ghasemi et al., 2013b; Shaurub et al., 2014). It may be important to
mention that the endocrine complex is involved in hemocyte accumulation following some
initial stimulus (Nappi, 1974). Also, Jones (1967) suggested the role of ecdysteroids in the



Quantitatively Disturbed Larval Haemogram of Galleria mellonella L 71

regulation of hemocyte number. Therefore, the present tested PGRs might act as a
responsible factor for the modification of haemolymph ecdysteroidtiters (Barnby and
Klocke, 1990).

On the contrary, feeding of G. mellonella 3" instar larvae on diet mixed with 1AA,
in the present study, resulted in decreasing THC in haemolymph of 5" instar larvae. Also,
IBA exerted an inhibitory action on 7" instar larvae to produce lower THC. Thus, both IAA
and IBA caused a reduction of THC in larvae. These results were in corroboration with a
few results of decreasing THC in the larval haemolymph of the same insect after treatment
with Abscisic acid (ABA)(Er and Keskin, 2016) and Ethephon (ETF) (Altuntaset al., 2022).
Also, feeding of A. grisella larvae on diets mixed with doses of 2 - 1,000 ppm of IAA led to
a decrease in THC (Celik et al., 2017). Injection of kinetin into the haemocoel of A. grisella
larvae led to a noticeable decrease in THC (Celik and Sak, 2021).

Apart from PGRs, some plant-derived compounds caused a considerable decrease
in THC in the larval haemolymph of several insects after treatment with Azt, such as G.
mellonella (Er et al., 2017), American cockroach Periplaneta americana (Qadri and
Narsaiah, 1978), the kissing bug Rhodnius prolixus (Azambuja et al., 1991), S. litura
(Sharma et al., 2003), the red cotton bug Dysdercus koenigii (Tiwari et al., 2006), S. littoralis
(Shaurub et al., 2014), the brown spotted locust Cyrtacanthacris tatarica (John and
Ananthackrishnan, 1995), red cotton stainer Dysdercus cingulatus (Pandey and Tiwari,
2011), African monarch Danaus chrysippus (Pandey et al., 2008), R. prolixus (Azambuja
and Garcia, 1992) and the banana rhizome weevil Cosmopolites sordidus (Sahayaraj and
Kombiah, 2010). Also, detrimentally decreased THC in haemolymph of S. litura larvae (Rao
et al., 1984) and D. cingulatus nymphs (Ahmad, 1995) had been recorded after treatment
with the hormone B-ecdysone. The force-feeding of G. mellonella larvae in diets mixed with
the food preservatives, sodium benzoate (SB, E211), sodium nitrate (SNa, E251) and sodium
nitrite (SNi, E250) resulted in significantly reduced larval THC (Erbas et al., 2022). On the
other hand, treatment of G. mellonella larvae with two different methods (automated cell
counter and hemocytometer) of four doses of Zinc oxide nano-particles (ZnO NPs) resulted
in no significant change of THC (Eskin et al., 2019).

To interpret the decreasing THC in haemolymph of 5 and 7" instar larvae of G.
mellonella after feeding of 3 instar larvae on diets mixed with IAA or IBA, in the current
investigation, some conceivable suggestions could be given. (1) It is important to point out
that cell proliferation and hemocyte populations are influenced by the mitotic division of the
circulating hemocytes (Gardiner and Strand, 2000; Er et al., 2010). Thus, THC reduction in
G. mellonella larvae might be due to the antimitotic effects of IAA and IBA or arrest the of
cell proliferation (Pandey et al., 2007; Zhu et al., 2012; Huang et al., 2011; Er et al., 2017).
(2) The THC reduction might be due to the cytotoxicity of the tested IAA and IBA and the
death of pathologically degenerated cells (Pandey et al., 2007; Sendi and Salehi, 2010;
Zibaee et al., 2012) or due to the induction of autophagic or apoptotic pathways resulting in
cell death (Huang et al., 2011; Shu et al., 2015). (3) The reduction in THC after treatment
with IAA or IBA may be attributed to the nodulation, encapsulation and phagocytosis
(Pandey et al., 2007) and/or their toxic effects on the immune cells (Sadeghi et al., 2017).
(4) It is possible to explain the reduction of THC by the interference of IAA and IBA with
endocrine physiology (Azambuja et al., 1991; Sharma et al., 2003) or the interference with
the relationship between the endocrine and immune systems (Figueiredo et al., 2006).

2. DHC in the Larval Haemogram of G. mellonella as Disturbed by PGRs:

It is important to point out that the increasing DHC of certain hemocyte types and
decreasing DHC of others may be due to the transformation of some types into other ones
for achieving the phagocytic function or other tasks for defence against the foreign biotic
targets, like bacteria, yeast and apoptotic bodies as well as the abiotic materials, such as
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particles of Indian ink or toxic plant products (Hernandez et al., 1999; de Silva et al., 2000).
The particular phagocytic hemocytes were reported to vary among the insect taxa, and in
some cases, discrepancies even exist in the literature among studies on the same species (for
detail, see recent reviews of Ghoneim, 2019; Ghoneim et al., 2021 a). Moreover, DHCs
fluctuate not only as a consequence of different instars of the insect but also within a given
instar. These changes may be a result of developmental processes (Gelbic et al., 2006).

As shown in the current literature, there are many reported results of variousDHC
fluctuations in different insects after treatment with PGRs or plant-derived compounds. For
example, PLs population decreased but GR population increased and no fluctuation was
recorded for SP, PR and OE populations of A. Grisella larvae after treatment with IAA (Celik
et al., 2017). In a recent study, Altuntas et al. (2021) investigated the effects of force-fed
ETF on the cellular-mediated immune system of G. mellonella larvae using lethal doses.
According to their results, the populations of PRs, SPs and OEs increased while the GRs
population decreased in circulation but PLs population did not alter. A significant reduction
of GRs, but an increase of PLs, had been detected in haemolymph of G. mellonella larvae
after treatment with 100 ppm Azt, while no difference was observed for PRs or OEs (Er et
al., 2017).

2.1. PRs Population in the Larval Haemolymph As Disturbed by PGRs:

In the present study on G. mellonella, PRs population slightly increased in the
control larvae with the instar number. This result disagreed with some reported results of
decreasing PRs population in larvae with the instar or age, such as a gradual decrease of PRs
with the instar of the same insect (Ghoneim et al., 2021b); decreasing PRs in larvae of P.
gossypiella with the age (Ghoneim et al., 2017) and decreasing PRs in larvae of S. littoralis
with the age (Waheeb, 2020).

Depending on the available literature, the reported results of disturbed PRs
population in haemolymph, after treatment with PGRs or plant-derived products, are scarce.
In the present study, force-feeding of 3" instar larvae of G. mellonella on diets mixed with
IAA, IBA, 2,4-D, or 6-BA led to a remarkably increasing PR population in the 5" instar
larvae. This result was in agreement with the prevalent inducing effects of ETF on the PR
production in larval haemolymph of G. mellonella (Altuntas et al., 2022) and the
sesquiterpene compounds, Farnesol, Nerolidol and Bisabolol, on the PR production in larval
haemolymph of S. littoralis (Waheeb, 2020).

In contrast, IAA, IBA and 6-BA slightly reduced the PR population in the
haemolymph of G. mellonella 7" instar larvae, with an exception of 2,4-D, in the present
study. This result was in corroboration with some reported results of decreasing PR
population in different insects by some insecticides or insect growth regulators, such as S.
littoralis by Cyromazine (Ghoneim et al., 2015 b), A. ipsilon by Diflubenzuron (Abdel-Aziz
and Awad, 2010), Eri silkworm Philosamia ricini by Dimethoate (Bhagawathi and
Mahanthy, 2012), S. mauritia by Flufenoxuron (Manogem et al., 2016), P. gossypiella by
Novaluron (Ghoneim et al., 2017), etc. Also, our result agreed with the reported result of
decreasing PRs population in G. mellonella larvae after treatment with certain arthropod
venoms (Ghoneim et al.,2021b) or the food preservatives, SB, E211, SNa, E251 and SNi,
E250 (Erbas et al., 2022). On the other hand, our result disagreed with the reported result of
Er et al. (2017) who found no difference in the PRs population between treated larvae and
control larvae of G. mellonella, after treatment with NeemAzal (Azt formulation).

For understanding the contradictory results of PR increasing in 5" instar larvae and
decreasing in 71 instar larvae of G. mellonella, after treatment with the tested PGRs, in the
current study, it is interesting to mention that the fluctuation of PR population may be
attributed to some factors including inhibition of their mitotic division, their conversion to
other cell types or to the inhibition of the activity of hematopoeitic organs responsible for
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their production (Pandey et al., 2012; Zibaee et al., 2012).Although PRs are progenitor stem
cells that can differentiate into other types of hemocytes (Yamashita and Iwabuchi, 2001,
Lavine and Strand, 2002), their exact function is still unknown (Ribeiro and Brehelin, 2006).
Unfortunately, we could not provide an exact interpretation of this fluctuation of PR
population in G. mellonella, by the present tested PGRs, at the present time!!
2.2. PLs Population in The Larval Haemolymph as Disturbed by PGRs:

In the current study on G. mellonella, PLs population in haemolymph of normal
larvae generally decreased with the instar number. This result was in accordance with a
similar result reported by Ghoneim et al. (2021b) for the same insect. It was, also, agreed
with some reported results of decreasing PLs with the larval age of S. gregaria (Ghoneimet
al., 2015 a), P. gossypiella (Ghoneim et al., 2017) and S. littoralis (Waheeb, 2020).

In the present investigation, also, force-feeding of 3" instar larvae of G. mellonella
on diets mixed with IAA, IBA, 2,4-D and 6-BA led to a slight decrease of PL population in
5™ instar larvae by IAA, 2,4-D and 6-BA with an exception of IBA. This result was in
accordance with the reported result of decreasing PL population in A. grisella larvae after
feeding on a diet mixed with 1AA (Celik et al., 2017). Also, PL population in haemolymph
of larvae of the number of insects decreased after treatment with certain plant-derived
compounds, such as the sunn pest Eurygaster integriceps and R. prolixus (Azambujaet al.,
1991; Zibaee and Bandani, 2010 a, b); S. littoralis (Rizk et al., 2001), C. tatarica (John and
Ananthackrishnan, 1995) and P. surcoufi (Ayaad et al., 2001) after treatment with Azt. Also,
the decreasing PL population in larval haemolymph of G. mellonella, in the present study,
was in accordance with those reported decreasing PL count in haemolymph of some insects
by different insect growth regulators or insecticides, such as S. littoralis by Flufenoxuron
(Bakr et al., 2007) or Novaluron (Ghoneim et al., 2015 b) as well as S. gregaria by Spinosad
and proclaim (Halawa et al., 2007) and S. mauritia by Flufenoxuron (Manogem et al., 2016).
In addition, PL population in the 5" instar larvae of G. mellonella decreased after treatment
with some arthropod toxins (Ghoneim et al., 2021b).

The decreasing PL population in the 5" instar larvae of G. mellonella, in the current
study, could be explained by the transformation of these hemocytes into other types (George,
1996), since they are highly polymorphic cells (Gupta and Sutherland, 1966). Also, the tested
PGRs might impair the haematopoietic organs which are responsible for the production of
PLs (Tiwari et al., 2002). However, we could not provide the exact interpretation of the
decreasing PL population in 5 instar larvae, after treatment with the tested 1AA, 2,4-D and
6-BA, right now!!

On the other hand, force-feeding of 3" instar larvae of G. mellonella on diets mixed
with IAA, IBA, 2,4-D and 6-BA, in the current study, led to an increasing population of PLs
in the haemolymph of 7™instar larvae by IAA, IBA and 2,4-D with an exception of 6-BA.
This result was, to some extent, in agreement with few reported results of significantly
increasing PLs in G. mellonella after injection of ABA into haemocoel of larvae (Er and
Keskin, 2016), after the force-feeding of larvae with the food preservatives, SB, E211, SNa,
E251 and SNi, E250 (Erbas et al., 2022) and after topical application of 100 ppm of
NeemAzal onto last instar larvae (Er et al., 2017). Also, our result agreed with the result of
Waheeb (2020) in S. littoralis larvae after treatment with Farnesol, Bisabolol and Nerolidol.
On the other hand, ETF did not affect PLs count in haemolymph of G. mellonella larvae
(Altuntas et al., 2022).

In addition, the present result of increasing PL population in the haemolymph of 7%
instar larvae was, to a great extent, in corroboration with some reported results of the induced
PL population in larval haemolymph of some insects by certain toxins and insect growth
regulators, such as S. littoralis by Cyromazine (Ghoneim et al., 2015 b); S. gregaria by
Deltamethrin (Al-Hariri and Suhail, 2001), R. kumarii by endosulfan (George and Ambrose,
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2004); A. ipsilon by Diflubenzuron (Abdel-Aziz and Awad, 2010); S. litura by hexaflumuron
(Zhu et al., 2012); etc.

To understand the induction of PL production in larval haemolymph of G.
mellonella, in the present study, it is worth mentioning that the role of PLs in phagocytosis
is disputed, since some authors (Tojo et al., 2000; Ling and Yu, 2006) suggested their act as
phagocytes, and thus they should be highly produced while other authors (Nruwirth, 1973;
Beaulaton, 1979) reported no phagocytic function of PLs. The increasing PL population
could be attributed to the differentiation of hemocytes by mitosis (Kurihara et al., 1992).
However, a conceivable interpretation of the induced PLs population in G. mellonella larval
haemolymph, as a response to certain PGRs, could not be provided at the present time!!
2.3. GRs Population in The Larval Haemolymph As Disturbed by PGRs:

In the present work, a slight decrease in GRs population was recorded in
haemolymph from normal 5™ to 7" instar larvae of G. mellonella. This finding coincided
with a similar result of Ghoneim et al., 2021b) for the same insect. Also, Ghoneim et al.
(2017) recorded decreasing GRs in larvae of P. gossypiella with the age. On the contrary,
our result disagreed with some reported results of increasing GR population with the larval
age, such as S. gregaria (Ghoneim et al., 2015 a) and S. littoralis (Waheeb, 2020).

In the present investigation, also, force-feeding of 3" instar larvae of G. mellonella
on diets mixed with the PGRs, viz., IAA, IBA, 2,4-D and 6-BA led to a considerable decrease
of GR population in 5™ instar larvae. This result was, to a great extent, in accordance with
some reported results of decreasing GR count in G. mellonella larvae after treatment with
ETF (Altuntas et al., 2022) or force-feeding of larvae with the food preservatives, SB, E211,
SNa, E251 and SNi, E250 (Erbas et al., 2022), as well as other insects, after treatment with
certain plant-derived compounds, such as P. surcoufi (Ayaad et al., 2001), both bugs E.
integriceps and R. prolixus (Azambuja et al., 1991; Zibaee and Bandani, 2010 a, b) after
treatment with Azt and S. littoralis after treatment with some compounds derived from urea
waste and rice straw (Hassan et al., 2013).

However, the decreasing GRs population in G. mellonella 5" instar larvae by the
tested PGRs, in the present study, might be interpreted as the death of a lot of them due to
their detoxification activity against these toxic molecules (Barakat et al., 2002; George and
Ambrose, 2004; Costa et al., 2005), since this type of hemocytes performs different
functions, like phagocytosis, as reported by several authors in different insects, such as
Tojoet al. (2000) in G. mellonella, Pendland and Boucias 1996) in the beet armyworm
Spodoptera exigua, Butt and Shields (1996) in the gypsy moth Lymantria dispar, Nardi et
al. (2001) and Costa et al. (2005) in S. littoralis. Also, it might be due to their differentiation
into other types of hemocytes, since GRs can differentiate into SPs in the mulberry silk moth
Bombyx mori (Liu et al., 2013).

On the other hand, force-feeding of 3" instar larvae of G. mellonella on diets mixed
with 1AA, IBA, 2,4-D and 6-BA, in the present study, led to a remarkable increase of GR
population in 7" instar larvae, regardless of the PGR. This result agreed with few reported
results of increasing GRs in some insects, as a response to certain PGRs or plant-derived
products, such as A. grisella as a response to feeding of larvae on a diet supplemented with
IAA (Celik et al., 2017); S. littoralis as a response to Margosan-0 (Azt formulation) (Rizk
et al., 2001) and S. littoralis as a response to certain Sesquiterpene compounds (Waheeb,
2020).

The increasing count of GRs in larval haemolymph of 7" instar larvae of G.
mellonella, in the present study, might be explained by the transformation of some
hemocytes (may be PLs and PRs) into GRs, since some authors (Kurihara et al., 1992;
George and Ambrose, 2004) reported the role of GRs in the detoxification of toxic
compounds.



Quantitatively Disturbed Larval Haemogram of Galleria mellonella L 75

2.4. SPs Population in The Larval Haemolymph As Disturbed by PGRs:

In the current study, SP population in the haemolymph of G. mellonella normal
larvae remarkably decreased with the instar number. This result was in agreement with
Ghoneim et al. (2017) who recorded decreasing SPs in larvae of P. gossypiella with the age.
In contrast, this result disagreed with the result of Ghoneim et al. (2021b) who recorded a
gradually increasing SP population in normal larvae of G. mellonella with the instar and
Waheeb (2020) who recorded an increasing SPs population in normal larvae of S. littoralis.
In the present study, also, IBA and 2,4-D-induced 5" instar larvae produced a larger SP
population and 6-BA-induced 7% instar larvae to produce increasing SP population. To the
best of our knowledge, scarce results of the effects of PGRs on the SP population exist in
the current literature. Altuntas et al. (2022) determined a significant increase in SP count in
haemolymph of G. mellonella after treatment with ETF.

Outside PGRs, some arthropod toxins enhanced the G. mellonella larvae to produce
more SPs but other toxins prohibited them to produce the normal SPs population (Ghoneim
et al., 2021a). The force-feeding of G. mellonella larvae with the food preservatives, SB,
E211, SNa, E251 and SNi, E250 resulted in significantly increased larval SPs (Erbas et al.,
2022).

In the present study, the increasing SP population in haemolymph of G. mellonella
larvae, after treatment with IBA, 2,4-D and 6-BA, might be due to their enhancing effects
on the differentiation of SPs or transformation of other hemocytes into SPs in the treated
larvae of G. mellonella. In Lepidoptera, the functions of SPs are unknown until now (Ribeiro
and Brehelin, 2006) but Sass et al. (1994) suggested their responsibility for transporting
cuticular components. Unfortunately, the exact interpretation of the reduced SPs population
in the present study is still obscure!!

On the other hand, results of the current investigation revealed that IAA and IBA
suppressed the 7" instar larvae to produce a normal SP population. Moreover, IAA and 6-
BA failed to affect the SP population in the 5" instar larvae and 2,4-D failed to affect the
count of this type of hemocytes in the7" instar larvae. No results of the effects of PGRs on
SPs population exist in the available literature. However, Waheeb (2020) recorded
suppressive effects of Farnesol, Bisabolol and Nerolidol on SPs population in haemolymph
of S. littoralis larvae. Unfortunately, the interpretation of the reduced SP population in the
present study is still obscure!!

2.5. OEs Population in The Larval Haemolymph as Disturbed by PGRs:

In the present study, OEs population in haemolymph of normal G. mellonella larvae
considerably increased with the instar number. This result agreed, to some extent, with the
result of Ghoneim et al. (2021b) who recorded a slight increase of OEs population in the
normal larvae with the instar number of the same insect. Also, Ghoneim et al. (2017)
recorded increasing OEs in larvae of P. gossypiella with the age. On the other hand, OE
population in haemolymph of S. littoralis did not alter with age (Waheeb, 2020).

In the present study, IAA and IBA induced 5" instar larvae of G. mellonella to
produce larger OE population. Also, IBA, 2,4-D and 6-BA induced 7™Minstar larvae to
produce a larger OEs population. This result was in agreement with the reported results of
significantly increased OEs count in G. mellonella larvae after treatment with ETF (Altuntas
et al. 2022) or the food preservatives, SB, E211, SNa, E251 and SNi, E250 (Erbas et al.,
2022).

To understand the increasing OE population in larval haemolymph of G. mellonella
after treatment with certain PGRs, it is believed that OEs play a crucial role in phenoloxidase
(PO) cascade when an immune challenge occurs (Beckage, 2008; Strand, 2008). Therefore,
the increase in their population could be led to the stimulation of the immune system of the
treated larvae to the secretion of PO to achieve the defensive function (Kurihara et al., 1992;
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Ghasemi et al., 2013b). Also, the increasing OE population in the larval haemolymph of
larvae might be due to their role in the detoxification of toxic compounds and activating
action of some tested PGRS on the hematopoietic organs or cell mitotic division.

On the other hand, the present results revealed that 2,4-D and 6-BA suppressed 5%
instar larvae of G. mellonella to have a normal OEs population and IAA prohibited 7" instar
larvae to produce a normal OEs population. This decreasing OE population in the larval
haemolymph might be due to the degeneration of some OEs for releasing precursors of
prophenoloxidase that likely play a role in the melanization of haemolymph and an important
immunity protein in insects (Ribeiro and Brehelin, 2006).

Conclusion:

As clearly shown in the present study on G. mellonella, feeding of 3™ instar larvae
on diet mixed with 2,4-D or 6-BA resulted in increasing THC in haemolymph of 5™ instar
larvae and feeding on diets mixed with 2,4-D or 6-BA resulted in increasing THC in 7"
instar larvae. In contrast, feeding on diets mixed with IAA resulted in decreasing THC in 5%
instar larvae and feeding on diets mixed with IBA resulted in decreasing THC in 7" instar
larvae. Because hemocytes in insects perform various functions, such as phagocytosis,
encapsulation of foreign bodies and detoxification of metabolites and biologically active
materials, decreasing THC in haemolymph of larvae denotes the disrupted immunological
and physiological functions of hemocytes. Therefore, the auxin PGR compounds, IAA and
IBA, may be effective agents in the IPM program against G. mellonella.
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