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Abstract. This study aimed to analyze the histological structure of the 
midgut, levels of digestive enzymes, and concentrations of 20-hydroecdison 
in S. litura F. larvae after exposure to papaya leaf extract (PLE). This 
experimental study used S. litura F. instar 4th larvae exposed to 20% and 0% 
PLE for 24-48 hours. The larvae were dissected, and their intestines were 
taken to isolate intestinal protein and then to measure the levels of the 
protease enzyme. The larval histology was prepared by examining the larvae 
and taking part in the midgut of the larva measurement of 20-hydroecdison 
levels by isolating protein in hemolymph fluid. The results showed that the 
midgut epithelial cells of the control group were normal, while the larvae in 
the treatment group experienced disturbances, the disintegration of the 
peritrophic membrane, and the formation of vacuoles in the cells. The 
protease enzyme measurement results in the control group were 39.76 ng/ml 
lower than the treatment group (45.43-56.92 ng/ml). The 20-hydroekdison 
measurement results in the control group were 70.76 ng/ml lower than in the 
treatment group, which were 9060-22361.51 ng/ml. Based on the study’s 
results, PLE can disrupt the physiology and midgut histology of S. litura 
larvae, so that it can be developed as a botanical pesticide. 

1 Introduction 

Currently, farmers control attacks by the armyworm Spodoptera litura Fabricius on 
cultivated plants using synthetic chemical pesticides. The use of synthetic chemical 
pesticides by farmers often exceeds the dosage [1]. The advantage of using synthetic chemical 
pesticides is that they can immediately overcome pest attacks, but they have detrimental 
impacts on humans and the environment. These detrimental impacts can disrupt human 
health, cause death of non-target insects including pollinators, and create resistance in pest 
insect populations [2-4]. Therefore, research in the agricultural sector is developing, namely 
focusing on the discovery and development of alternative pesticide of natural origin that are 
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less toxic and easily decomposed in nature. One source of pesticides is plant material. The 
use of plant materials as pesticides has the potential for pest attacks on plants [5,6]. 

Plants that can be used as sources of pesticides are very abundant. Among these plants 
that are easily found in the community are papaya plants. The use of papaya plants as 
pesticides has been carried out by several researchers. The research results showed that 
papaya leaf extract influenced the mortality of Plutella xylostella larvae [7]. Papaya leaf 
extract has also been studied for its effect on insect pests Tribolium castaneum and its results 
influence its growth and development [8]. This condition was also found in termite research 
[9]. The basis for using the papaya plant as a pesticide is its active compound content. The 
results of phytochemical screening show that papaya leaf extract contains various compounds 
including carpain alkaloids, pseudocarpain, dehydrocarpain 1 and 2 [10]. 

The effectiveness of papaya leaf bioinsecticides for development as bioinsecticides, apart 
from looking at the content and levels of active compounds, can also be supported by the 
response of the target animal. This response can be in the form of antifeedant activity, 
mortality, growth and development rate, histological disorders, and body metabolism. The 
entry of chemical compounds into the insect's body through its food can cause disturbances 
in digestive enzymes so that the process of breaking down food macromolecules into simple 
molecules that will be absorbed by intestinal epithelial cells is also disrupted. Bioinsecticides 
can interfere with the activity of digestive enzymes, as well as damage the epithelial cells of 
intestinal cells so that the process of food absorption is disrupted [11]. One of the digestive 
enzymes that is inhibited by bioinsecticides is protease. 

Disruption of digestive processes and absorption results in disturbances in eating activity, 
behavior, growth rate, physiology, and increased mortality. Until now, no researchers have 
reported the use of papaya leaf extract, especially Thailand and Indonesian purple cultivars, 
with metabolic indicators in the form of digestive enzymes and hydroecdysone and midgut 
histopathology in S. litura Fabricius larvae. By knowing the effectiveness of papaya leaf 
extract (C. papaya L.) Thailand and Indonesian purple cultivars on S. litura Fabricius larvae, 
papaya leaves can be developed as a botanical pesticide. 

2 Methods 

2.1 Preparation papaya leaf extract 

The leaves of the Thai and Indonesian Purple papaya cultivars were obtained from lowland 
areas (Nganjuk, Pare), and highland areas (Malang), East Java, Indonesia. The method for 
making the extract uses a maceration technique with methanol solvent. Complete procedures 
as presented in Rahayu et al., 2020 [10]. 

2.2 Testing of papaya leaf extract against intestinal protease enzymes of S. 
litura Fabricius larvae 

Late 4th instar S. litura Fabricius larvae were starved for 4 hours then exposed to leaf feed 
containing 0% and 20% concentration of papaya leaf extract for 24 hours. Next, the S. litura 
Fabricius larvae were dissected, and their intestines taken. The next stage was isolation of 
larval intestinal proteins. The results of isolating high levels of protein after being measured 
using a nanodrop will be used to measure protease enzyme activity using the method in the 
Protease kit (G-Bioscience). The data obtained were in the form of intestinal protease enzyme 
levels of S. litura Fabricius larvae. 

 

2.3 Testing of papaya leaf extract on the concentration of Hydroecdysone in S. 
litura Fabricius larvae 

Late 4th instar S. litura Fabricius larvae were starved for 4 hours then exposed to leaf feed 
containing 0% and 20% concentration of papaya leaf extract for 24 hours. Next, the S. litura 
larvae were dissected and the hemolymph fluid was taken, then processed until dry 
hemolymph pellets were produced. The dry pellets were then stored in a freezer at -200C 
until the hydroecdysone content was measured. The method for measuring hydroecdysone 
levels contained in larval hemolymph follows the method in the 20 Hydroecdysone kit (Arbor 
Assays). 

2.4 Testing of papaya leaf extract on the histopathology of the midgut of S. 
litura Fabricius larvae 

Late 4th instar S. litura Fabricius larvae were starved for 4 hours then exposed to food leaves 
containing papaya leaf extract at concentrations of 0% and 20% for 48 hours. Next, the S. 
litura Fabricius larvae were dissected, and the middle intestine (midgut) was taken and fixed 
in 10% neutral formalin solution. The stains used are Hematoxylin and Eosin. The 
preparations were observed under a light microscope. Observations were made on the cells 
that make up the epithelium layer of the insect intestine and the peritrophic membrane. 

3 Results and Discussion 

Protease enzymes are very necessary for S. litura Fabricius larvae in the process of protein 
metabolism. At this stage of the research, the concentration of intestinal protease enzymes of 
S. litura Fabricius larvae was measured after the larvae were exposed to papaya leaf extract. 
The results of measuring the concentration of intestinal protease enzymes of S. litura 
Fabricius larvae are presented in Table 1. 

Table 1. Concentration of intestinal protease enzyme of S. litura Fabricius larvae 

Type of Extracts Extract 
Concentration 

(%) 

Protease Concentration (ng/ml) 

Control 0 39,81 
US 20 53,77 
TS 20 53,25 
UR 20 45,43 
TR 20 56,92 

US = Indonesian purple cultivar from middle land, TS = Thailand cultivar from middle land, 
UR = Indonesian purple cultivar from low land, TS = Thailand cultivar from low land, K = 
control, 20% = the concentration used in the study.  

Based on Table 1, it shows that the concentration of protease enzymes contained in the 
intestines of S. litura Fabricius larvae in the control group was the lowest compared to S. 
litura Fabricius larvae which were given papaya leaf extract on their food leaves. The 
difference in the concentration of the protease enzyme in S. litura Fabricius larvae in the 
control group and the treatment group is possible due to the papain enzyme content in papaya 
leaf extract. Papain is a simple cysteine protease enzyme composed of 212 chains of amino 
acid residues with a molecular weight of 23,406 Daltons [12]. As a result of these conditions, 
S. litura larvae fed with papaya leaf extract had higher levels of intestinal protease than the 
control group. The higher the enzyme concentration, the higher the enzyme activity will be 
proportionally [13]. The function of the protease enzyme is to hydrolyze protein, so the higher 
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less toxic and easily decomposed in nature. One source of pesticides is plant material. The 
use of plant materials as pesticides has the potential for pest attacks on plants [5,6]. 

Plants that can be used as sources of pesticides are very abundant. Among these plants 
that are easily found in the community are papaya plants. The use of papaya plants as 
pesticides has been carried out by several researchers. The research results showed that 
papaya leaf extract influenced the mortality of Plutella xylostella larvae [7]. Papaya leaf 
extract has also been studied for its effect on insect pests Tribolium castaneum and its results 
influence its growth and development [8]. This condition was also found in termite research 
[9]. The basis for using the papaya plant as a pesticide is its active compound content. The 
results of phytochemical screening show that papaya leaf extract contains various compounds 
including carpain alkaloids, pseudocarpain, dehydrocarpain 1 and 2 [10]. 

The effectiveness of papaya leaf bioinsecticides for development as bioinsecticides, apart 
from looking at the content and levels of active compounds, can also be supported by the 
response of the target animal. This response can be in the form of antifeedant activity, 
mortality, growth and development rate, histological disorders, and body metabolism. The 
entry of chemical compounds into the insect's body through its food can cause disturbances 
in digestive enzymes so that the process of breaking down food macromolecules into simple 
molecules that will be absorbed by intestinal epithelial cells is also disrupted. Bioinsecticides 
can interfere with the activity of digestive enzymes, as well as damage the epithelial cells of 
intestinal cells so that the process of food absorption is disrupted [11]. One of the digestive 
enzymes that is inhibited by bioinsecticides is protease. 

Disruption of digestive processes and absorption results in disturbances in eating activity, 
behavior, growth rate, physiology, and increased mortality. Until now, no researchers have 
reported the use of papaya leaf extract, especially Thailand and Indonesian purple cultivars, 
with metabolic indicators in the form of digestive enzymes and hydroecdysone and midgut 
histopathology in S. litura Fabricius larvae. By knowing the effectiveness of papaya leaf 
extract (C. papaya L.) Thailand and Indonesian purple cultivars on S. litura Fabricius larvae, 
papaya leaves can be developed as a botanical pesticide. 

2 Methods 

2.1 Preparation papaya leaf extract 

The leaves of the Thai and Indonesian Purple papaya cultivars were obtained from lowland 
areas (Nganjuk, Pare), and highland areas (Malang), East Java, Indonesia. The method for 
making the extract uses a maceration technique with methanol solvent. Complete procedures 
as presented in Rahayu et al., 2020 [10]. 

2.2 Testing of papaya leaf extract against intestinal protease enzymes of S. 
litura Fabricius larvae 

Late 4th instar S. litura Fabricius larvae were starved for 4 hours then exposed to leaf feed 
containing 0% and 20% concentration of papaya leaf extract for 24 hours. Next, the S. litura 
Fabricius larvae were dissected, and their intestines taken. The next stage was isolation of 
larval intestinal proteins. The results of isolating high levels of protein after being measured 
using a nanodrop will be used to measure protease enzyme activity using the method in the 
Protease kit (G-Bioscience). The data obtained were in the form of intestinal protease enzyme 
levels of S. litura Fabricius larvae. 

 

2.3 Testing of papaya leaf extract on the concentration of Hydroecdysone in S. 
litura Fabricius larvae 

Late 4th instar S. litura Fabricius larvae were starved for 4 hours then exposed to leaf feed 
containing 0% and 20% concentration of papaya leaf extract for 24 hours. Next, the S. litura 
larvae were dissected and the hemolymph fluid was taken, then processed until dry 
hemolymph pellets were produced. The dry pellets were then stored in a freezer at -200C 
until the hydroecdysone content was measured. The method for measuring hydroecdysone 
levels contained in larval hemolymph follows the method in the 20 Hydroecdysone kit (Arbor 
Assays). 

2.4 Testing of papaya leaf extract on the histopathology of the midgut of S. 
litura Fabricius larvae 

Late 4th instar S. litura Fabricius larvae were starved for 4 hours then exposed to food leaves 
containing papaya leaf extract at concentrations of 0% and 20% for 48 hours. Next, the S. 
litura Fabricius larvae were dissected, and the middle intestine (midgut) was taken and fixed 
in 10% neutral formalin solution. The stains used are Hematoxylin and Eosin. The 
preparations were observed under a light microscope. Observations were made on the cells 
that make up the epithelium layer of the insect intestine and the peritrophic membrane. 

3 Results and Discussion 

Protease enzymes are very necessary for S. litura Fabricius larvae in the process of protein 
metabolism. At this stage of the research, the concentration of intestinal protease enzymes of 
S. litura Fabricius larvae was measured after the larvae were exposed to papaya leaf extract. 
The results of measuring the concentration of intestinal protease enzymes of S. litura 
Fabricius larvae are presented in Table 1. 

Table 1. Concentration of intestinal protease enzyme of S. litura Fabricius larvae 

Type of Extracts Extract 
Concentration 

(%) 

Protease Concentration (ng/ml) 

Control 0 39,81 
US 20 53,77 
TS 20 53,25 
UR 20 45,43 
TR 20 56,92 

US = Indonesian purple cultivar from middle land, TS = Thailand cultivar from middle land, 
UR = Indonesian purple cultivar from low land, TS = Thailand cultivar from low land, K = 
control, 20% = the concentration used in the study.  

Based on Table 1, it shows that the concentration of protease enzymes contained in the 
intestines of S. litura Fabricius larvae in the control group was the lowest compared to S. 
litura Fabricius larvae which were given papaya leaf extract on their food leaves. The 
difference in the concentration of the protease enzyme in S. litura Fabricius larvae in the 
control group and the treatment group is possible due to the papain enzyme content in papaya 
leaf extract. Papain is a simple cysteine protease enzyme composed of 212 chains of amino 
acid residues with a molecular weight of 23,406 Daltons [12]. As a result of these conditions, 
S. litura larvae fed with papaya leaf extract had higher levels of intestinal protease than the 
control group. The higher the enzyme concentration, the higher the enzyme activity will be 
proportionally [13]. The function of the protease enzyme is to hydrolyze protein, so the higher 
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the concentration of protease, the more protein will undergo hydrolysis. In addition, the 
higher protease production is a form of adaptation of S. litura larvae to protease inhibitors 
produced by plants. The plants themselves produce protease inhibitors which aim to inhibit 
herbivore attacks [14].  

The growth of S. litura Fabricius larvae are also influenced by the hormone 
hydroecdysone. The hormone dissolves in the larva's hemolymph. The results of measuring 
the hydroecdysone concentration of S. litura Fabricius larvae are presented in Table 2. 

Table 2. Hydroekdyson Concentration of Larva S. litura Fabricius 

Type of Extracts Extract Concentration 
(%) 

Hydroecdyson Concentration 
(pg/ml) 

Control 0 7076,33 
US 20 17942,34 
TS 20 9060,17 
UR 20 22361,51 
TR 20 12088,51 

US = Indonesian purple cultivar from middle land, TS = Thailand cultivar from middle land, 
UR = Indonesian purple cultivar from low land, TS = Thailand cultivar from low land, K = 
control, 20% = the concentration used in the study.  

The results of measuring the concentration of hydroecdysone in the hemolymph of S. 
litura Fabricius larvae showed that in the control group the concentration of hydroecdysone 
was the lowest compared to the treatment group, namely that the larvae were fed leaves given 
papaya leaf extract. Hydroecdysone is a stress hormone. During stressful conditions such as 
malnutrition, it will trigger the production and secretion of hydroecdysone 20E [15]. Based 
on the antifeedant test of papaya leaf extract, it shows that the Indonesian purple and Thailand 
cultivar papaya leaf extract has a function as an antifeedant for S. litura Fabricius larvae [10]. 
As a result, food leaves that are given papaya leaf extract tend not to be eaten by larvae, so 
their nutritional needs were not met. Apart from that, there is an active compound, namely 
phenol, in papaya leaf extract which enters the larva's body and causes oxidative stress. This 
is because phenolic compounds will undergo oxidation and produce ROS (reactive oxygen 
species) [16]. One of the responses shown by S. litura Fabricius larvae was increased 
production of hydroecdysone 20 E. 

The midgut of S. litura Fabricius larvae are an important organ in digesting food and 
absorbing it. The leaves fed to S. litura Fabricius larvae in this study were given papaya leaf 
extract for 48 hours. Next, the larvae were dissected, and preparations were taken of the 
middle intestine to determine the tissue structure. The histology preparation of the larval 
midgut is presented in Fig. 1. A comparison table of the condition of the larval midgut 
preparations between control and treatment is presented in Table 3. 

Based on the results of observations of the midgut preparations of S. litura Fabricius 
larvae from the control group, it showed that the peritrophic membrane was clearly visible 
limiting the lumen and epithelial cells of the middle intestine. The epithelial cells of the 
midgut were arranged tightly, whereas in the midgut preparations of the treated group larvae, 
it showed that the peritrophic membrane was disintegrating towards the intestinal lumen. The 
epithelial cells appear to have many vacuoles or are experiencing vacuolization and 
degradation so that the cells appear to move towards the intestinal lumen. The results of this 
study are the same as those found in the midgut conditions of S. litura which were exposed 
to Annona squamasa seed extract [17], where the epithelial cells were irregular, and 
vacuolization formed in the cell cytoplasm. The vacuolization process in the epithelial cells 
of the midgut of S. litura Fabricius larvae is possible due to the presence of papaya leaf extract 
which is given with the food leaves. The active compounds contained in papaya leaf extract 
are alkaloids in the form of carpaian, dehydrocarpain, carpain, pseudocarpain which are 

classified as small molecules so that these active compounds enter the midgut cells of S. litura 
Fabricius larvae through a diffusion process [18]. 

 

 

Fig. 1. Histology of the midgut of 4th instar S. litura Fabricius larvae at 48 hours after treatment with 
0% and 20% concentration of papaya leaf extract 

Image caption: 1: epithelial cells, 2: basal membrane, 3: peritrophic membrane, 4: 
intestinal lumen, 5: vacuole, US = Indonesian purple cultivar from middle land, TS = 
Thailand cultivar from middle land, UR = Indonesian purple cultivar from low land, TS = 
Thailand cultivar from low land, K = control, 20% = the concentration used in the study.  

Table 3. Histological condition of the midgut of S. litura Fabricius larvae 

Type of 
Extract 

Condition of midgut epithelial cells of S. litura Fabricius larvae 

Control The epithelial cells were arranged tightly, the peritrophic membrane was clearly 
visible between the lumen and the epithelial cells. 

 
US20 The cells that make up the epithelium were not arranged tightly and point towards the 

lumen, the peritrophic membrane leads towards the lumen, there were many vacuoles 
in the epithelial cells. 

 
TS20 The cells that make up the epithelium were not tightly arranged and point towards the 

lumen, the peritrophic membrane leads towards the lumen, there were many vacuoles 
in the epithelial cells. 

 
UR20 The cells that make up the epithelium were not arranged tightly and point towards the 

lumen, the peritrophic membrane leads towards the lumen, there are many vacuoles in 
the epithelial cells, the epithelial cells were not attached to the basement membrane. 

 
TR20 The cells that make up the epithelium are not tightly arranged and point towards the 

lumen, the peritrophic membrane leads towards the lumen, there are many vacuoles in 
the epithelial cells. 

US = Indonesian purple cultivar from middle land, TS = Thailand cultivar from middle land, UR = 
Indonesian purple cultivar from low land, TS = Thailand cultivar from low land, K = control, 20% = the 
concentration used in the study.  
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the concentration of protease, the more protein will undergo hydrolysis. In addition, the 
higher protease production is a form of adaptation of S. litura larvae to protease inhibitors 
produced by plants. The plants themselves produce protease inhibitors which aim to inhibit 
herbivore attacks [14].  

The growth of S. litura Fabricius larvae are also influenced by the hormone 
hydroecdysone. The hormone dissolves in the larva's hemolymph. The results of measuring 
the hydroecdysone concentration of S. litura Fabricius larvae are presented in Table 2. 

Table 2. Hydroekdyson Concentration of Larva S. litura Fabricius 

Type of Extracts Extract Concentration 
(%) 

Hydroecdyson Concentration 
(pg/ml) 

Control 0 7076,33 
US 20 17942,34 
TS 20 9060,17 
UR 20 22361,51 
TR 20 12088,51 

US = Indonesian purple cultivar from middle land, TS = Thailand cultivar from middle land, 
UR = Indonesian purple cultivar from low land, TS = Thailand cultivar from low land, K = 
control, 20% = the concentration used in the study.  

The results of measuring the concentration of hydroecdysone in the hemolymph of S. 
litura Fabricius larvae showed that in the control group the concentration of hydroecdysone 
was the lowest compared to the treatment group, namely that the larvae were fed leaves given 
papaya leaf extract. Hydroecdysone is a stress hormone. During stressful conditions such as 
malnutrition, it will trigger the production and secretion of hydroecdysone 20E [15]. Based 
on the antifeedant test of papaya leaf extract, it shows that the Indonesian purple and Thailand 
cultivar papaya leaf extract has a function as an antifeedant for S. litura Fabricius larvae [10]. 
As a result, food leaves that are given papaya leaf extract tend not to be eaten by larvae, so 
their nutritional needs were not met. Apart from that, there is an active compound, namely 
phenol, in papaya leaf extract which enters the larva's body and causes oxidative stress. This 
is because phenolic compounds will undergo oxidation and produce ROS (reactive oxygen 
species) [16]. One of the responses shown by S. litura Fabricius larvae was increased 
production of hydroecdysone 20 E. 

The midgut of S. litura Fabricius larvae are an important organ in digesting food and 
absorbing it. The leaves fed to S. litura Fabricius larvae in this study were given papaya leaf 
extract for 48 hours. Next, the larvae were dissected, and preparations were taken of the 
middle intestine to determine the tissue structure. The histology preparation of the larval 
midgut is presented in Fig. 1. A comparison table of the condition of the larval midgut 
preparations between control and treatment is presented in Table 3. 

Based on the results of observations of the midgut preparations of S. litura Fabricius 
larvae from the control group, it showed that the peritrophic membrane was clearly visible 
limiting the lumen and epithelial cells of the middle intestine. The epithelial cells of the 
midgut were arranged tightly, whereas in the midgut preparations of the treated group larvae, 
it showed that the peritrophic membrane was disintegrating towards the intestinal lumen. The 
epithelial cells appear to have many vacuoles or are experiencing vacuolization and 
degradation so that the cells appear to move towards the intestinal lumen. The results of this 
study are the same as those found in the midgut conditions of S. litura which were exposed 
to Annona squamasa seed extract [17], where the epithelial cells were irregular, and 
vacuolization formed in the cell cytoplasm. The vacuolization process in the epithelial cells 
of the midgut of S. litura Fabricius larvae is possible due to the presence of papaya leaf extract 
which is given with the food leaves. The active compounds contained in papaya leaf extract 
are alkaloids in the form of carpaian, dehydrocarpain, carpain, pseudocarpain which are 

classified as small molecules so that these active compounds enter the midgut cells of S. litura 
Fabricius larvae through a diffusion process [18]. 

 

 

Fig. 1. Histology of the midgut of 4th instar S. litura Fabricius larvae at 48 hours after treatment with 
0% and 20% concentration of papaya leaf extract 

Image caption: 1: epithelial cells, 2: basal membrane, 3: peritrophic membrane, 4: 
intestinal lumen, 5: vacuole, US = Indonesian purple cultivar from middle land, TS = 
Thailand cultivar from middle land, UR = Indonesian purple cultivar from low land, TS = 
Thailand cultivar from low land, K = control, 20% = the concentration used in the study.  

Table 3. Histological condition of the midgut of S. litura Fabricius larvae 

Type of 
Extract 

Condition of midgut epithelial cells of S. litura Fabricius larvae 

Control The epithelial cells were arranged tightly, the peritrophic membrane was clearly 
visible between the lumen and the epithelial cells. 

 
US20 The cells that make up the epithelium were not arranged tightly and point towards the 

lumen, the peritrophic membrane leads towards the lumen, there were many vacuoles 
in the epithelial cells. 

 
TS20 The cells that make up the epithelium were not tightly arranged and point towards the 

lumen, the peritrophic membrane leads towards the lumen, there were many vacuoles 
in the epithelial cells. 

 
UR20 The cells that make up the epithelium were not arranged tightly and point towards the 

lumen, the peritrophic membrane leads towards the lumen, there are many vacuoles in 
the epithelial cells, the epithelial cells were not attached to the basement membrane. 

 
TR20 The cells that make up the epithelium are not tightly arranged and point towards the 

lumen, the peritrophic membrane leads towards the lumen, there are many vacuoles in 
the epithelial cells. 

US = Indonesian purple cultivar from middle land, TS = Thailand cultivar from middle land, UR = 
Indonesian purple cultivar from low land, TS = Thailand cultivar from low land, K = control, 20% = the 
concentration used in the study.  
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The flavonoid compounds contained in papaya leaf extract have very high biological 
activity. In the larval midgut, phenolic compounds undergo oxidation which will release 
reactive oxygen species (ROS) which cause oxidative stress for the larvae [16]. The presence 
of ROS causes the release of Ca2+ ions from the Endoplasmic Reticulum via the Inositol 
triphosphate receptor (IP3R) into the cytoplasm. The Ca2+ ions then enter the mitochondria 
through the Mitochondrial Calcium Uniporter (MCU), which causes the mitochondria to 
have an excess of Ca2+ ions. This condition causes mitochondria to not function and produces 
ROS. The next effect is inhibiting the proteasome and protein folding in the endoplasmic 
reticulum. Inhibition of the proteasome prevents the degradation of IP3R and mitochondrial 
MCU thereby affecting the movement of Ca2+ ions. This condition causes vacuolization of 
the endoplasmic reticulum which can ultimately cause cell death. Malfunctioning 
mitochondria cause the cessation of ATP synthesis. ATP is also used in ion pumps so that it 
ultimately influences ion transport through cell membranes and influences the ionic 
composition of the cytoplasm [19]. Thus, the presence of ROS in cells has an impact on the 
process of vacuolization and cell death. 

The function of the midgut of S. litura larvae is very important for the life of the larvae, 
namely as a producer of digestive enzymes, digesting food, and absorbing nutrients. As a 
result of the active compounds contained in papaya leaf extract, it causes histological damage 
to midgut cells. This condition will disrupt the physiology of the larvae so that the growth 
and development of the larvae will be disrupted [20]. This situation shows that papaya leaf 
methanol extract can be developed into an environmentally friendly pesticide botanical 
product. 

4 Conclusion 

The results of measuring the intestinal protease enzyme concentration of S. litura Fabricius 
larvae showed that in the control group it was lower compared to the treatment group larvae 
which were given papaya leaf extract. The results of measuring the concentration of the 20-
hydroexdison hormone in S. litura Fabricius larvae from the control group were lower 
compared to the treatment group given papaya leaf extract. The histological condition of the 
midgut of S. litura Fabricius larvae from the control group showed normal epithelial cells, 
whereas in the midgut of the treated group larvae the peritrophic membrane was seen to be 
damaged and vacuoles were formed in the epithelial cells. Papaya leaf extract can disrupt the 
physiology and midgut histology of S. litura larvae so that it can be developed as a botanical pesticide. 
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The flavonoid compounds contained in papaya leaf extract have very high biological 
activity. In the larval midgut, phenolic compounds undergo oxidation which will release 
reactive oxygen species (ROS) which cause oxidative stress for the larvae [16]. The presence 
of ROS causes the release of Ca2+ ions from the Endoplasmic Reticulum via the Inositol 
triphosphate receptor (IP3R) into the cytoplasm. The Ca2+ ions then enter the mitochondria 
through the Mitochondrial Calcium Uniporter (MCU), which causes the mitochondria to 
have an excess of Ca2+ ions. This condition causes mitochondria to not function and produces 
ROS. The next effect is inhibiting the proteasome and protein folding in the endoplasmic 
reticulum. Inhibition of the proteasome prevents the degradation of IP3R and mitochondrial 
MCU thereby affecting the movement of Ca2+ ions. This condition causes vacuolization of 
the endoplasmic reticulum which can ultimately cause cell death. Malfunctioning 
mitochondria cause the cessation of ATP synthesis. ATP is also used in ion pumps so that it 
ultimately influences ion transport through cell membranes and influences the ionic 
composition of the cytoplasm [19]. Thus, the presence of ROS in cells has an impact on the 
process of vacuolization and cell death. 

The function of the midgut of S. litura larvae is very important for the life of the larvae, 
namely as a producer of digestive enzymes, digesting food, and absorbing nutrients. As a 
result of the active compounds contained in papaya leaf extract, it causes histological damage 
to midgut cells. This condition will disrupt the physiology of the larvae so that the growth 
and development of the larvae will be disrupted [20]. This situation shows that papaya leaf 
methanol extract can be developed into an environmentally friendly pesticide botanical 
product. 

4 Conclusion 

The results of measuring the intestinal protease enzyme concentration of S. litura Fabricius 
larvae showed that in the control group it was lower compared to the treatment group larvae 
which were given papaya leaf extract. The results of measuring the concentration of the 20-
hydroexdison hormone in S. litura Fabricius larvae from the control group were lower 
compared to the treatment group given papaya leaf extract. The histological condition of the 
midgut of S. litura Fabricius larvae from the control group showed normal epithelial cells, 
whereas in the midgut of the treated group larvae the peritrophic membrane was seen to be 
damaged and vacuoles were formed in the epithelial cells. Papaya leaf extract can disrupt the 
physiology and midgut histology of S. litura larvae so that it can be developed as a botanical pesticide. 

 
The authors would like to thank Universitas Negeri Malang for facilitating this research.  
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