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Abstract. This study investigates the effects of two insect growth regulators (IGRs), pyriproxyfen and 

chlorfluazuron, on mortality, histological structure, haemogram profiles, and physiological responses in larvae 

of Spodoptera littoralis. Larvae were treated with four concentrations (0.01, 0.1, 1, and 10 ppm) of each 

compound. Both IGRs demonstrated a concentration-dependent increase in mortality, with chlorfluazuron 

inducing more rapid and higher mortality rates than pyriproxyfen. Severe morphological deformities, including 

larval-pupal intermediates and disrupted metamorphosis, were observed following treatment with both 

compounds. Histological analysis revealed extensive integument damage, characterized by cuticle deformation, 

basement membrane destruction, and vacuole formation, with greater severity at higher concentrations. 

Differential haemocyte counts (DHC) showed significant alterations as both IGRs reduced prohaemocyte and 

plasmatocyte populations while increasing granulocyte and oenocytoid populations. The total haemocyte count 

(THC) initially increased but subsequently declined with prolonged exposure. Haemolymph volume was 

significantly elevated compared to the control, peaking on the fourth day at 29.44 µL for pyriproxyfen and 27.77 

µL for chlorfluazuron at 0.01 ppm. These findings demonstrate the profound physiological and immunological 

disruptions caused by the IGRs and highlight their potential utility in integrated pest management programs 

targeting S. littoralis. 

Keywords: pyriproxyfen, chlorfluazuron, Spodoptera littoralis, lethal effects, haemocyte dynamics, 

metamorphosis disruption, histological deformities 

Introduction 

Spodoptera littoralis (Lepidoptera: Noctuidae), commonly known as the Egyptian cotton 

leafworm, is one of the most economically significant pests affecting a wide range of crops, 

including cotton, maize, soybeans, and vegetables (Kandil et al., 2003). This highly 

polyphagous insect is notorious for its adaptability to various environmental conditions and 

agricultural practices, making it a persistent challenge for farmers worldwide. The damage 

caused by S. littoralis includes defoliation as well as direct feeding on leaves, fruits, and seed 

pods, leading to substantial yield losses and economic harm (Sannino, 2003; Dahi, 2005; 

Amin, 2007; Lanzoni et al., 2012; Abd El-Razik and Mostafa, 2013). 

Traditional control of S. littoralis has largely depended on the extensive use of chemical 

insecticides. While effective, these insecticides have raised serious concerns about 

environmental pollution, non-target effects, and the rapid development of insecticide 

resistance (Naqqash et al., 2016). These challenges highlight the urgent need for alternative, 

more sustainable pest management strategies. 
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Insect Growth Regulators (IGRs) have emerged as promising alternatives due to their 

selective modes of action and reduced environmental impact. Unlike conventional 

insecticides, IGRs disrupt key physiological processes such as moulting, metamorphosis, and 

reproduction, often targeting specific insect species while sparing beneficial organisms 

(Biddinger et al., 1995; Nicholas et al., 1999). This specificity, coupled with a lower 

likelihood of resistance development, makes IGRs valuable tools in integrated pest 

management (IPM) programs (Kai et al., 2009). 

Despite their potential, the effects of IGRs on the physiological and immunological 

aspects of S. littoralis remain underexplored. Previous studies have demonstrated IGR-

induced disruptions in growth and development in various lepidopteran pests, yet detailed 

investigations into their impact on haemocyte profiles, histological structures, and 

haemolymph volume are still limited (Hoffman and Lorenz, 1998; Tunaz and Uygun, 2004; 

Pfeiffer, 2007). Understanding these effects is crucial for optimizing the use of IGRs and 

improving pest control strategies. 

Although pyriproxyfen and chlorfluazuron are broad-spectrum insect growth regulators 

with general efficacy against many Lepidopteran species, species-specific evaluation remains 

critical for S. littoralis. This pest is a major agricultural threat in Egypt and the Mediterranean 

region due to its wide host range, high reproductive potential, and documented resistance to 

multiple insecticide classes (Salama et al., 1971; Ghoneim, et al., 2015). Additionally, 

physiological and immunological responses to IGRs—such as haemocyte alterations, tissue 

damage, and developmental effects—can vary across species and developmental stages. 

Therefore, targeted assessment of IGR efficacy and mode of action on S. littoralis is essential 

to inform sustainable and region-specific pest management strategies. Therefore, this study 

aims to evaluate the efficacy of two IGRs, pyriproxyfen (a juvenile hormone analogue) and 

chlorfluazuron (a chitin synthesis inhibitor), on larval mortality, morphological and 

histological deformities, haemogram parameters, and haemolymph volume in S. littoralis. By 

providing a comprehensive assessment of these physiological disruptions, this study seeks to 

enhance the integration of IGRs into sustainable pest management programs. 

Materials and methods 

Insect culture 

A laboratory culture of S. littoralis larvae was kindly provided by the plant protection 

research institute and maintained for further experiments under conditions (temperature: 

25 ± 2°C, relative humidity: 60 ± 5%, photoperiod: 16:8 L:D), according to the method 

described by Eldefrawi et al. (1964). The newly moulted 6th instar larvae were used in this 

work. 

 

Insect growth regulators (IGRs) 

Two insect growth regulators (IGRs) were utilized in this study: chlorfluazuron (Caprice 

5% EC) and pyriproxyfen (Muligan10% EC). Four concentrations of each IGR were 

prepared: 0.01 ppm, 0.1 ppm, 1, and 10 ppm. According to manufacturer guidelines and 

recent studies, the recommended field application rates are approximately 20–50 g a.i./feddan 

for chlorfluazuron (Caprice 5% EC) (Abd-Eldaim et al., 2020) and 50 g a.i./feddan for 

pyriproxyfen (Muligan 10% EC) (Kumar et al., 2014). The concentrations used in this study 

(0.01, 0.1, 1, and 10 ppm) were selected to encompass sublethal, near-field, and supra-field 

levels to facilitate a comprehensive dose-response evaluation. 
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(1) Product name: chlorfluazuron 5% EC 

Chemical name: (RS)- 1- [2,5-dichloro-4-(1,1,2,3,3,3-hexafluoropropoxy) phenyl]-3-

(2,6-difluorobenzoyl) urea (IUPAC) 

Chemical formula: C17H8Cl2F8N2O 

 

(2) Product name: pyriproxyfen 10% EC 

Chemical name: 2- ]1-Methyl-2-(4-phenoxyphenoxy) ethoxy    [  pyridine 

Chemical formula C20H19NO3 

 

Treatment procedure 

The dipping technique employed to treat newly moulted 6th instar larvae with the IGRs. A 

stock solution of each IGR concentration was prepared by diluting the respective commercial 

formulation in an appropriate solvent following the manufacturer’s instructions. Castor bean 

leaf discs were dipped in both compounds and air-dried before feeding the larvae. A control 

group was given water-treated leaf discs. Three sets of treated and control larvae (10 larvae 

each) were kept in separate glass jars. Larvae were allowed to feed for 24 h, and their 

biological parameters were recorded daily. 

 

Haemocytes profile estimation 

Following the post-treatment period, haemolymph samples were collected from the 

treated larvae by amputating one prothoracic leg from each of three individual larvae, using 

fine scissors. Gentle pressure was applied to the thorax to obtain haemolymph drops. The 

procedure was replicated three times. The collected haemolymph samples were used to 

estimate the haemocytes profile. 

 

Differential haemocyte counts (DHC) 

Differential haemocyte counts followed Shapiro method (1968). Haemolymph was spread 

on glass slides, fixed with methyl alcohol, stained with Masy-Grunwald- Giemsa solution, 

and observed under a light microscope at 400× magnification. Cell types were classified 

based on shape, cytoplasmic ratio, inclusions, and nucleus shape following Essawy et al. 

(1985). Percentages of haemocyte types were calculated as follows: 

 

 
Number of each haemocyte type X 100

Total number of haemocyte examined
  

 

Total haemocyte count (THC) 

Total haemocyte count was conducted by collecting haemocyte into a Thoma-white blood 

cell diluting pipette according to Essawy (1991), followed by a 20-fold dilution with a 

solution containing NaCl, KCl, CaCl2, crystal violet, and acetic acid. After discarding the 

first three drops, the mixture was dispensed onto a counting slide chamber. Cells in 64 squares 

at the corners were counted after 3 min, and the number of haemocytes/mm3 was calculated 

using Jones’ formula (1962): 

 

 
Number of haemocyte counted per chamber X dilution X depth factor

Number of 1 mm squares counted
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Haemolymph volume 

Haemolymph volume was gravimetrically determined by totally bleeding ten larvae 

(Arnold and Hinks, 1976). 

 

Histological studies 

For histological examination, the late 6th instar larvae of S. littoralis were treated with 

IGRs using the leaf dipping technique. After 24 h post-treatment, the larvae were fixed in 

alcoholic Bouin’s solution, dehydrated through a graded ethanol series, cleared in xylene, 

and embedded in paraffin wax. Cross sections (5 microns thick) of the prothorax were 

prepared using a microtome and mounted on clean slides with Mayer’s albumin. The 

sections were stained with haematoxylin and eosin and observed under an Axiophot 

(Zeiss) light microscope following the methodology of Humason (1979) with 

modifications, and Bancroft and Gamble (2008). 

 

Malformation and mortality assessment 

To evaluate the occurrence of malformations, the treated larvae were carefully 

examined under a stereomicroscope. Different morphological parameters were assessed, 

such as abnormal body shape, colour changes, appendage deformities, and wing 

malformations. The malformation rate was calculated as the percentage of larvae 

displaying any form of abnormality. The mortality rate of the treated larvae was recorded 

during the observation period. Larvae that did not exhibit any movement or response to 

external stimuli were considered dead. The mortality rate was calculated as the percentage 

of dead larvae relative to the total number of treated larvae. 

 

Experimental replication 

The entire experiment was replicated three times to ensure the reliability and 

reproducibility of the results. Each replicate involved a separate set of larvae and 

independent treatments with the IGRs and control groups. 

 

Statistical analysis 

Data were analysed using Minitab 18 software. The data obtained from haemocyte 

profile estimation, malformation assessment, and mortality determination were subjected 

to appropriate statistical analyses. Two-way ANOVA (p < 0.05) was used to assess the 

effects of different concentrations of IGRs and their interaction with treatment groups. To 

identify significant differences between the control and treatment groups at each 

concentration, independent samples t-tests were applied. 

Results 

Lethal effects of pyriproxyfen and chlorfluazuron against S. littoralis larvae 

The effects of pyriproxyfen and chlorfluazuron on sixth instar larvae of S. littoralis 

were evaluated over seven consecutive days post-treatment across four concentrations 

(Fig. 1). Both compounds significantly reduced larval survival in a dose-dependent 

manner (chlorfluazuron: F = 42.6, p < 0.001; pyriproxyfen: F = 38.2, p < 0.001). Four 

days after chlorfluazuron treatment, mortality rates reached 16.7%, 30%, 90%, and 100% 



Bedewy et al.: Evaluation of the efficacy of certain IGRs on haemogram, Histological changes, and physiological aspects in the 

cotton leafworm, Spodoptera littoralis (Lepidoptera: Noctuidae) 
- 8209 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):8205-8224. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2304_82058224 

© 2025, ALÖKI Kft., Budapest, Hungary 

at concentrations of 0.01, 0.1, 1, and 10 ppm, respectively (p < 0.001 vs. control, t-test). 

Pyriproxyfen caused no mortality during this period; however, by the seventh day, 

mortality reached 26.7%, 33.3%, 86.7%, and 100% across the same concentrations 

(p < 0.001 vs. control). No mortality was recorded in the control group. 

 

 

Figure 1. Lethal effects of pyriproxyfen and chlorfluazuron against S. littoralis larvae 

 

 

Morphological deformities 

Both compounds induced significant morphological deformities in S. littoralis larvae 

(Chi-square = 19.8, p < 0.001). Treated larvae exhibited shrinkage, incomplete moulting, 

and development of larval-pupal intermediates that failed to complete metamorphosis. 

Adults from treated groups showed folded wings (Figs. 2 and 3). Malformed pupae and 

pupal-adult intermediates were significantly more frequent in treated groups than in the 

control (p < 0.001, t-test) (Fig. 4), with malformation rates ranging from 16% to 100%. 

Chlorfluazuron induced a greater frequency of malformations than pyriproxyfen 

(p < 0.05). 

 

Histological deformities 

The integument of untreated larvae exhibited a well-structured epicuticle, epidermis, 

and basement membrane (Fig. 5E). 

 

Effect of pyriproxyfen 

Twenty-four hours post-treatment, larvae exposed to 0.01 ppm pyriproxyfen showed 

separations between epidermal cells (Fig. 5A). At 0.1 ppm, deformation and indentation 

of the epidermis were observed, with thickening and darkening of the epicuticle (Fig. 5B). 

Severe destruction of the basal membrane and vacuolization occurred at 1 and 10 ppm 

(Fig. 5C, D). Histological damage scores increased significantly at higher concentrations 

(Chi-square = 21.3, p < 0.01 vs. control). By 96 h, deformities worsened, with complete 

separation of cuticle layers from the hypodermis and severe disintegration (Fig. 6A–D; 

p < 0.001 vs. control). 
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Figure 2. Morphological deformities in larval-pupal intermediates of S. littoralis treated with 

varying concentrations of pyriproxyfen. (c) normal pupa, and (f) normal larva; (A) 0.01 ppm 

(B) 0.1 ppm (D) 1 ppm (E) 10 ppm (X = 1) 

 

 

 

Figure 3. Morphological deformities in larval-pupal intermediates of S. littoralis treated with 

varying concentrations of chlorfluazuron. (A) 0.01 ppm; (B) 0.1 ppm; (C) 1 ppm; (D) 10 ppm 

and (E) control (X = 1) 

 

 

 

Figure 4. Malformation in adults of S. litoralis treated with (A) pyriproxyfen and (B) 

chlorfluazuron (C) Control (X = 1) 
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Figure 5. Histological alterations in S. littoralis larvae 24 h post-treatment with different 

concentrations of pyriproxyfen. (A) 0.01 ppm, (B) 0.1 ppm, (C) 1 ppm, (D) 10 ppm, and (E) 

control. (Epi) epicuticle, (Exo) Exocuticle, (Endo) Endocuticle, (Der) Epidermis cells, and (V) 

Vacuoles. (Stained with hematoxylin; X = 100X) 

 

 

 

Figure 6. Histological alterations in S. littoralis larvae, 96 h post-treatment with different 

concentrations of pyriproxyfen. (A) 0.01 ppm, (B) 0.1 ppm, (C) 1 ppm, (D) 10 ppm, and (E) 

control. (Epi) Epicuticle, (Exo) Exocuticle, (Endo) Endocuticle, (Der) epidermis cells, and (V) 

vacuoles; (dc) degraded cells. (Stained with haematoxylin; X = 100X) 

 

 

Effect of chlorfluazuron 

Chlorfluazuron at 0.01 ppm caused significant abnormalities in the epicuticle and 

epidermis, progressing to severe collapse at higher doses (Fig. 7A–E). By 96 h, all treated 

larvae had died (p < 0.001 vs. control). 

 

 

Figure 7. Histological alterations in S. littoralis larvae 96 h post-treatment with different 

concentrations of chlorfluazuron (A) 0.01 ppm, (B) 0.1 ppm, (C) 1 ppm, (D) 10 ppm, and (E) 

control. (Epi) Epicuticle, (Exo) Exocuticle, (Endo) Endocuticle, (Der) Epidermis cells; (V) 

Vacuoles; (dc) degraded cells and (sp) space. (Stained with haematoxylin; X = 100X) 
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Toxicity on differential haemocyte counts (DHC) 

Pyriproxyfen 

Pyriproxyfen significantly reduced prohaemocytes (PRs) and plasmatocytes (PLs) 

during the first three days compared to the control (p < 0.01, t-test). From day 4 to day 7, 

PRs increased from 8% to 27.6% and PLs from 8.3% to 26% (p < 0.05 vs. control). 

Granulocytes (GRs) and oenocytoids (OEs) increased significantly, reaching 39.3% and 

37.3% (p < 0.01 vs. control). SPs were significantly reduced (F = 1.18, p = 0.32 for 

concentration; F = 520, p < 0.001 for time) (Fig. 8). 

 

 

Figure 8. Differential haemocyte count (DHC) in S. littoralis larvae treated with pyriproxyfen, 

(A) prohaemocytes, (B) plasmatocytes, (C) granulocytes, (D) oenocytoids, and (E) 

spherulocytes 

 

 

Chlorfluazuron 

Chlorfluazuron treatment induced significant decreases in the proportions of 

prohaemocytes (PRs) and plasmatocytes (PLs), reaching minimum values of 9.3% and 

9%, respectively, which were significantly lower than those in the control group 

(p < 0.001, t-test; Fig. 9A, B). In contrast, the proportions of granulocytes (GRs) and 
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oenocytoids (OEs) increased significantly in treated larvae, attaining peak values of 

38.6% and 39%, respectively (p < 0.001 vs. control; Fig. 9C–D). Additionally, the 

number of spherulocytes (SPs) declined significantly across concentrations and time 

points, as confirmed by ANOVA (F = 46.53, p < 0.001 for concentration; F = 32.63, 

p < 0.001 for time). 

 

 

Figure 9. Differential haemocyte count (DHC) in S. littoralis larvae treated with 

chlorfluazuron, (A) prohaemocytes, (B plasmatocytes), (C) granulocytes, (D) oenocytoids, and 

(E) spherulocytes 

 

 

Further statistical analyses revealed that GRs were significantly influenced by both 

pyriproxyfen (F = 52.25, p < 0.001) and chlorfluazuron (F = 55.96, p < 0.001). Similarly, 

PLs displayed a strong concentration-dependent reduction under the influence of both 

compounds (pyriproxyfen: F = 18.93, p < 0.001; chlorfluazuron: F = 35.82, p < 0.001). 

OEs were also highly elevated in response to both insect growth regulators (pyriproxyfen: 

F = 30.89, p < 0.001; chlorfluazuron: F = 70.60, p < 0.001). PRs showed significant 

effects due to concentration (pyriproxyfen: F = 7.64, p < 0.001; chlorfluazuron: F = 26.4, 

p < 0.001); however, the effect of time was not significant in chlorfluazuron-treated 

larvae (F = 0.47, p = 0.75). 
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Toxicity on total haemocyte count (THC) 

Pyriproxyfen significantly increased THC to 15,383.3 ± 35.8 cells/mm³ at 10 ppm, 

compared to 11,426.7 ± 193.1 cells/mm³ in controls (p < 0.01, t-test; F = 77.83, p < 0.001 

for concentration; F = 14.53, p < 0.001 for time) (Fig. 10A). Chlorfluazuron also elevated 

THC to 15,433.3 ± 157.1 cells/mm³ at 10 ppm (p < 0.01 vs. control), with a slight decline 

to 14,683 ± 291 cells/mm³ by day 4 (F = 18.60, p < 0.001 for concentration; F = 140.79, 

p < 0.001 for time) (Fig. 10B). 

 

 

Figure 10. Total haemocyte count (THC) (cells/mm³) in S. littoralis larvae treated with (A) 

pyriproxyfen and (B) chlorfluazuron 

 

 

Effect on haemolymph volume 

Both pyriproxyfen and chlorfluazuron significantly affected haemolymph volume in 

S. littoralis larvae when compared to the control. In pyriproxyfen-treated larvae, 

haemolymph volume peaked at 29.44 µL at a concentration of 0.01 ppm on the fourth 

day post-treatment. This value was significantly higher than the 5.55 µL recorded in the 

control group (p < 0.001, t-test; F = 120.13, p < 0.001 for concentration; F = 76.61, 

p < 0.001 for time; Fig. 11A). A similar pattern was observed in chlorfluazuron-treated 

larvae, where the haemolymph volume reached a maximum of 27.78 µL at the same 

concentration and time point. This volume was also significantly higher than that in the 

control group, which recorded 6.11 µL (p < 0.001, t-test; F = 34.38, p < 0.001 for 

concentration; F = 26.69, p < 0.001 for time; Fig. 11B). These findings suggest that both 

insect growth regulators disrupt haemolymph regulation mechanisms in treated larvae, 

possibly reflecting systemic physiological stress responses. 

 

 

Figure 11. Haemolymph volume in S. littoralis larvae treated with (A) pyriproxyfen and (B) 

chlorfluazuron 



Bedewy et al.: Evaluation of the efficacy of certain IGRs on haemogram, Histological changes, and physiological aspects in the 

cotton leafworm, Spodoptera littoralis (Lepidoptera: Noctuidae) 
- 8215 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):8205-8224. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2304_82058224 

© 2025, ALÖKI Kft., Budapest, Hungary 

Discussion 

Beyond the environmental pollution, synthetic chemical insecticides also have harmful 

toxic effects on various taxa, including birds, fish, bees, and mammals (Quarles, 2001; 

Rose, 2001). Over the past few decades, a new class of comparatively safe insecticides, 

known as Insect Growth Regulators (IGRs), has been developed (Dhadialla et al., 1998; 

Khan and Qamar, 2012). In contrast to the traditional chemical insecticides, IGRs do not 

cause direct toxicity, but act selectively on the development, metamorphosis or 

reproduction of the target insect species (Martins and Silva, 2004). 

 

Lethal effects of the evaluated IGRs 

The obtained data clearly show a dose-dependent increase in larval mortality for both 

pyriproxyfen and chlorfluazuron. Chlorfluazuron induced significant mortality as early 

as the 4th day post-treatment, reaching 100% at the highest concentration (10 ppm). This 

is consistent with previous findings by Mule et al. (2022 and Aly et al. (2024), who 

observed similar dose-dependent lethality in Spodoptera frugiperda. As a chitin synthesis 

inhibitor, chlorfluazuron disrupts the formation of the insect cuticle during moulting, 

leading to rapid mortality due to desiccation and failed ecdysis (Rahman et al., 2024). 

Additionally, the disruption of hormonal regulation as a toxic mechanism has been 

proposed for certain insect species (Djeghader et al., 2014). 

Pyriproxyfen, a juvenile hormone analogue, exhibited a delayed lethal effect, with 

mortality peaking on the 7th day post-treatment. This delayed action is typical of juvenile 

hormone analogues, which disrupt the normal development and metamorphosis of 

insects. Similar results were reported by Golmohammadi et al. (2021), who observed 

progressive mortality in Chrysoperla carnea larvae. This pattern aligns with 

pyriproxyfen’s role in mimicking juvenile hormones, which interferes with larval-pupal 

metamorphosis, ultimately leading to death. Moreover, the delayed mortality observed in 

pyriproxyfen treatments could provide ecological benefits by allowing treated larvae to 

persist longer in the environment. This persistence may facilitate a broader disruption of 

pest populations, especially when combined with other control measures (Bakr et al., 

2021; Martínez et al., 2021; Li et al., 2024). 

IGRs, like pyriproxyfen and chlorfluazuron, have distinct modes of action compared 

to synthetic insecticides. Chitin synthesis inhibitors (CSIs) specifically target chitin 

formation in the insect exoskeleton and internal structures, such as the peritrophic matrix 

(Merzendorf, 2005; Merzendorf and Zimoch, 2003). This makes them a valuable 

component in integrated pest management (IPM) systems. However, the prolonged 

presence of treated larvae may also affect non-target species and local ecosystem 

dynamics, emphasizing the need for strategic application to minimize unintended 

consequences. The rapid action of chlorfluazuron and the delayed effects of pyriproxyfen 

suggest that these two IGRs could be effectively combined to enhance pest control 

strategies. 

 

Morphological and histological impacts of IGRs on S. littoralis 

The severe morphological deformities observed in S. littoralis larvae and pupae 

following treatment with both compounds included shrunk larvae, malformed pupae, and 

adults with folded wings. These findings are consistent with those of Noelia et al. (2023), 

who reported similar deformities in Eriopis connexa larvae treated with chlorfluazuron, 

indicating that chitin synthesis inhibitors compromise the structural integrity of the cuticle 
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and the moulting process. Pyriproxyfen-treated larvae exhibited a high incidence of 

larval-pupal intermediates, a hallmark of juvenile hormone disruption, similar to 

observations by Yusoff et al. (2021) in Plutella xylostella larvae, where hormonal 

interference disrupted metamorphosis, leading to hybrid forms that failed to complete 

development and eventually died. This highlights pyriproxyfen’s role as an effective 

disruptor of insect development (Hafez and Mobarak, 2024). 

Histological analysis of chlorfluazuron-treated larvae revealed significant integument 

damage, characterized by thickened, darkened cuticle layers and degradation of the 

procuticle and epidermal cells. Comparable cuticular abnormalities have been observed 

in previous studies involving chlorfluazuron treatment in Chrysomya albiceps (Khater, 

2021), Agrotis ipsilon (Amein and Mohammad., 2022), and Musca domestica (El-Shewy 

et al., 2024). These structural deformities impair the larvae to maintain homeostasis, 

ultimately leading to death from desiccation or infection (Tuncsoy and Özalp., 2021). 

These findings align with numerous studies showing that various IGRs inhibit growth 

and development in other insect species, such as cyromazine affecting Ceratitis capitata 

(Viňuela et al., 1993), diofenolan impacting Papilio demoleus (Singh and Kumar, 2011), 

and methoprene and flufenoxuron disrupting A. ipsilon (Khatter, 2014; Tanani et al., 2015). 

The main histological abnormalities identified in larvae treated with pyriproxyfen 

were vacuolation and epidermal disintegration. These results are consistent with studies 

by Xu et al. (2022) on silkworms, Yasmeen and Amir (2022) on Chrysomya 

megacephala, and Rocha et al. (2023) on Spodoptera cosmioides, which found that 

juvenile hormone analogues led to cellular degradation in the integument of treated 

larvae. Such damage to the cuticle structure likely contributes to the high mortality rates 

observed in pyriproxyfen-treated insects (Hassan et al., 2017). Given the structural 

damage noted, it is unsurprising that IGRs have inhibitory effects on the growth and 

development of S. littoralis, with body weight gain serving as a crucial indicator of these 

effects (Armbruster and Hutchinson, 2002), while developmental duration is viewed as 

an inverse measure of developmental rate (Richard, 1957). The deformities in S. littoralis 

larvae demonstrate the disruptive effects of IGRs on structural integrity and 

metamorphosis, supporting the idea that incorporating IGRs into pest management 

strategies could optimize insect control efforts by targeting developmental processes. 

 

Haematological disruptions in S. littoralis caused by IGRs 

The classification of haemocyte types varies, with studies ranging from four to seven 

types (Gupta, 1979) or between three and nine (Wigglesworth, 1959; Jones, 1962; Arnold, 

1972; Al-Khalifa and Siddiqui, 1985). Essawy et al. (1985) classified the haemocytes 

depending on physiological function into five types. Both pyriproxyfen and 

chlorfluazuron caused significant alterations in the differential haemocyte counts (DHC) 

and total haemocyte counts (THC) of treated larvae. Haemocytes are crucial for insect 

immunity, participating in phagocytosis, encapsulation of pathogens, and wound healing 

(Lavine and Strand, 2002; Stanley et al., 2023). Initially, both compounds increased THC, 

indicating an immune response to chemical stress. However, prolonged exposure led to 

reduced populations, particularly of granulocytes (GRs) and spherulocytes (SPs). 

Similar biphasic responses in immunocyte profiles have been reported in sublethal 

doses of IGRs in Spodoptera frugiperda (Duarte et al., 2020), Agrotis ipsilon (Shaurub et 

al., 2022), and Galleria mellonella (Ghoneim et al., 2023). These studies showed that 

sublethal doses initially cause an increase in haemocyte production as a defensive 

response, followed by immunosuppression with prolonged exposure. 
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The increase in granulocytes and oenocytoids observed in this study is consistent with 

findings from Abd El-Aziz and Awad (2010) and Shaurub et al. (2022), indicating the 

immune system’s attempt to combat chemical stress. Notably, pyriproxyfen had a 

significant impact on haemocyte profiles, particularly reducing spherulocyte counts. This 

immunosuppressive effect may enhance pyriproxyfen’s efficacy in integrated pest 

management (IPM) programs by making larvae more susceptible to microbial infections 

and natural enemies (Sahayaraj and Hassan, 2023; Bartling et al., 2024). 

Both IGRs significantly altered haemocyte dynamics in S. littoralis, as supported by 

multiple studies showing that IGRs affect haemocyte counts and insect immunity. For 

instance, pyriproxyfen and methoxyfenozide decreased THC in Eurygaster integriceps 

(Zibaee et al., 2012) and Spodoptera litura (Irfan et al., 2019), while also increasing 

pathogen susceptibility in Spodoptera mauritia (Resmitha and Kannan, 2017) and 

altering haemocyte counts in Galleria mellonella (Tuncsoy and Özalp, 2021). 

Chlorfluazuron has been noted to reduce THC in S. littoralis (Sezer and Ozalp, 2015; 

Sahar et al., 2018), further confirming the immune-suppressive effects observed in other 

studies involving azadirachtin and diflubenzuron (Shaurub et al., 2014; Ghoneim et al., 

2015; Basiouny and Waheeb, 2019). 

The fluctuations in THC can be attributed to developmental processes and exposure to 

IGRs (Gelbic et al., 2006). Pyriproxyfen significantly increased haemocyte production at 

high concentrations, while chlorfluazuron caused an initial rise in THC during the first 

two days, followed by a decline. This increase aligns with findings for various chitin 

synthesis inhibitors (CSIs) such as diflubenzuron (Osman et al., 1984) and others. 

Notably, the brain-endocrine complex plays a role in haemocyte accumulation in response 

to stimuli (Nappi, 1974), with ecdysteroids possibly regulating haemocyte numbers 

(Jones, 1967). Various biological and physiological parameters, including growth (Dean 

et al., 1980) and haemogram regulation (Essawy, et al., 1985), are regulated by varying 

levels of hormonal activity. The hormones 20-hydroxy ecdysone and juvenile hormone 

oversee a wide range of developmental processes in internal tissues such as the epidermis 

(Riddiford, 1976) and haemocytes (Essawy and Idriss, 1990). 

Significant changes in haemocyte counts reveal immune responses triggered by 

pyriproxyfen and chlorfluazuron, suggesting that IGRs impact insect immunity and 

potentially increase vulnerability to pathogens. Incorporating these findings into pest 

management strategies can improve overall efficacy, as understanding these immune 

dynamics is essential for applied insect control. 

 

Comparative toxicity and changes in haemolymph volume 

Various factors can influence an insect’s immune responses, including insecticides, 

hormones, and environmental temperature (Mandato, 1998). Additionally, haemocyte 

cellular immunity may play a role in the metabolism and detoxification of xenobiotics 

(Kurihara et al., 1992; Rahimi et al., 2013). 

The differential toxicity of pyriproxyfen and chlorfluazuron is reflected in both the 

timing and extent of their effects. Chlorfluazuron’s rapid action can be attributed to 

its role in disrupting chitin synthesis, a vital process for moulting and cuticle 

formation (Zhang et al., 2017). In contrast, the interference of pyriproxyfen with 

hormonal regulation of development leads to a slower but equally lethal effect (Zeng 

et al., 2023). 

The fluctuation in haemolymph volume observed in S. littoralis larvae treated with 

pyriproxyfen and chlorfluazuron may be interpreted in light of findings by Loughton and 
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Tobe (1969). Pyriproxyfen likely causes hormonal imbalances that delay moulting, 

resulting in fluid retention, as noted in other lepidopteran species (Etebari et al., 2007; 

Cremonez et al., 2021). Typically, haemolymph volume fluctuates during the last larval 

instars, increasing as the larvae approach ecdysis, which aids in inflating and shedding 

the old cuticle (Loughton and Tobe, 1969). However, the delayed moulting caused by 

pyriproxyfen disrupts this natural cycle, prolonging the period of increased haemolymph 

volume, as the larvae fail to properly initiate or complete ecdysis. 

Similarly, chlorfluazuron, a chitin synthesis inhibitor, likely disrupts cuticle formation, 

interfering with this process. This aligns with findings that chlorfluazuron treatment 

affects fluid regulation, resulting in fluid retention due to impaired cuticle shedding (Zhu 

et al., 2012; Piri Aliabadi et al., 2016). In a normal larval cycle, haemolymph volume 

decreases rapidly after ecdysis, either due to water loss or absorption by tissues. However, 

with cuticle formation compromised by chlorfluazuron, this decrease may not occur as 

expected, further contributing to the abnormal retention of fluid. 

Thus, the fluctuations in haemolymph volume induced by these insect growth 

regulators may stem from their interference with the larvae’s natural moulting cycle. 

Fluid retention during ecdysis, caused by hormonal disruptions from pyriproxyfen or 

cuticle defects from chlorfluazuron, extends the period of increased haemolymph volume, 

disrupting normal physiological balance and contributing to the observed mortality in 

treated larvae. 

Significant changes in haemolymph volume were observed in treated larvae, with both 

pyriproxyfen and chlorfluazuron leading to increased haemolymph volumes compared to 

controls. Similarly, Meethal (2023) in Spodoptera mauritia and Rolim et al. (2019) in 

boll weevils discovered that exposure to IGRs affected haemolymph volume and 

composition. This change may be viewed as a compensatory response to chemical stress, 

facilitating the distribution of haemocytes and other defence mechanisms throughout the 

insect’s body (Zibaee and Malagoli, 2020; Hasnain et al., 2023). 

The varying toxicity and alterations in haemolymph volume caused by pyriproxyfen 

and chlorfluazuron indicate their complex effects on S. littoralis physiology. These 

changes disrupt natural moulting cycles and contribute to mortality. Insights from these 

physiological responses can guide effective pest management strategies. Utilizing this 

knowledge could optimize the application of IGRs in agriculture. 

Conclusion 

Overall, the findings confirm the multi-faceted impact of pyriproxyfen and 

chlorfluazuron on S. littoralis larvae, ranging from immediate mortality to long-term 

physiological disruptions. These disruptions not only lead to larval mortality but also 

reduce the insect’s immune system, making them more susceptible to other control 

agents. The broad-spectrum effect on haemocyte dynamics and fluid regulation highlights 

the potential of these IGRs to be integrated into IPM programs, either alone or in 

combination with other biological control agents, enhancing pest management strategies 

in agricultural ecosystems. 
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