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Abstract: Ascorbic acid (Vitamin C) is an excellent water-soluble dietary antioxidant, well known to 

protect the biomolecules from oxidative stress-linked damages. It is reported to show a contrary 

behavior by inflicting pro-oxidant effects under varied, altered circumstances. The present work is an 

attempt to study the antioxidant and pro-oxidant behavior of ascorbic acid in Musca domestica larvae. 

Its pro-oxidant properties were tested by exposing the larvae to various concentrations of ascorbic acid. 

For confirming its oxidant scavenging properties, its effects on the antioxidant enzyme profiles were 

studied in both the normal and stress-induced M. domestica larvae. Oxidative stress was induced by 

adding D-Galactose (D-Gal) to the normal food supplement of the larvae. Outcomes of the study 

demonstrate that ascorbic acid acts as an efficient antioxidant when added in lower concentrations, but 

at high concentrations, it induces oxidative stress in the larvae, thus acting as a pro-oxidant. At the 

concentration of 10 mM, ascorbic acid significantly reduced the oxidative stress induced by D-Gal 

(p < 0.05) and maintained the percent pupal survival and percent eclosion. In conclusion, we suggest 

that ascorbic acid may function as an antioxidant and pro-oxidant in a concentration-dependent manner 

under normal physiological conditions.  

Keywords: ascorbic acid; pro-oxidant; antioxidant; D-galactose; Musca domestica larvae; oxidative 

stress. 
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1. Introduction 

Ascorbic acid, a water-soluble vitamin, is well known for its antioxidant potential. It 

generally exists in two forms: L-ascorbic acid and L-dehydroascorbic acid under physiological 

conditions [1]. Amongst this, L-ascorbic acid is the major dietary form with potent free radical 

scavenging activity. Free radicals are the major byproducts of oxygen metabolism and are 

continuously released into the cell under normal physiological conditions [2- 4].  

Excessive free radicals are known to exhibit deleterious effects on the biomolecules 

leading to several cellular malfunctions [3, 5]. An integrated network of the enzymatic 

antioxidant systems inside the cells is known to balance these excessively produced free 

radicals [6-8]. Along with this internal antioxidant defense system, dietary antioxidants and 

vitamins are also known to play an important role in preventing the uncontrolled generation of 

these free radicals or inhibiting their reaction at biological sites [9-12]. In order to efficiently 

scavenge the free radicals, antioxidants require to donate an electron or an active hydrogen 

atom to these free radicals. 
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Ascorbic acid provides this active hydrogen atom, which in turn pairs with the unpaired 

electron or free radical.  It results in the formation of an un-reactive ascorbyl radical, which 

does not affect the integrity of biomolecules [1, 13]. Conversely, few in vitro studies on 

ascorbic acid have also elucidated its pro-oxidant effects under specific conditions such as the 

presence of transition metals, excessive oxygen, and various pathological conditions [14-18]. 

The pro-oxidant property of ascorbic acid is also used as a potent apoptotic agent against 

cancerous cells [19-21].  

The objective of the present study was to determine the antioxidant and pro-oxidant 

behavior of Ascorbic acid in vivo in the housefly, M. domestica larvae. In order to study the 

antioxidant properties of Ascorbic acid, the larvae were introduced to the D- Galactose 

(hereafter referred to as D-Gal) in order to induce stress in them. D-Gal, a reducing sugar, is a 

known physiological nutrient. However, over ingestion may cause osmotic stress due to the 

production of Reactive Oxygen Species, which results in abnormal metabolism [22, 23]. 

Numerous workers have used D-Gal to induce oxidative stress in a variety of animal models in 

order to study different parameters of stress and antioxidants [24-36]. 

To date, in order to study the antioxidant effects, only the adult diet was manipulated. 

However, the current study aims to examine the effect of larval supplementation on adult 

eclosion and pupation. The transitional behavior of Ascorbic acid in M. domestica larvae was 

determined under normal as well as oxidative stress conditions by measuring lipid peroxidation 

(LPO), protein carbonylation (PCC), and activities of antioxidant enzymes such as superoxide 

dismutase (SOD), catalase (CAT),  glutathione S-transferase (GST) and ascorbate peroxidase 

(APOX) 

2. Materials and Methods 

2.1. Chemicals.  

Ascorbic acid, D-Galactose, methylparaben, and Sulforhodamine B were acquired from 

Sigma Chemical Co., St. Louis, USA. All analytical grade chemicals were utilized for the 

experimental work.  

2.2. Fly stock rearing. 

Housefly nucleus culture was obtained from the National Chemical Laboratory, Pune, 

India, and was acclimatized in the laboratory at 26 ±1°C with 70 ±1% Relative Humidity (RH). 

The eggs were developed in a control diet up to the pupal stage. The pupae were separated and 

kept in another container for adult emergence. The second generation of M. domestica larvae 

was used for experimentation.   

2.3. Diet. 

The experimental diet was formulated as per earlier studies carried out in our laboratory 

(unpublished data). The control diet comprised 9 gm soya food (4 gm soya powder + 2gm rice 

bran + 1.5 gm milk powder) mixed well in 15 ml of distilled water. Streptomycin and 

methylparaben were added to the diets for circumventing the microbial infection.  20 larvae 

were used per experimental set.   
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2.4. D-Gal concentration and treatment to larvae. 

Based on the previously reported data from our laboratory, a concentration of 6 mg/ml 

was selected for the experimentation [37]. 

2.5. Selection of Ascorbic acid concentration and treatment to larvae. 

Diverse concentrations of ascorbic acid such as 20, 40, 60, 80, and 100 mM were 

prepared. The M. domestica larvae were reared on diets containing these concentrations up to 

the third instar, and larval survival was observed. It was found that all the concentrations 

showed high mortality, except for the concentration of 20 mM. Although 20 mM dose showed 

less mortality, the survival percentage of larva significantly differed from that of control. 

Further reduction in the ascorbic acid concentration was made.  The larvae were treated with 

10, 15, and 20 mM concentrations of ascorbic acid. Larvae reaching the third instar stage were 

crushed in phosphate buffer and used for further biochemical assays such as LPO, SOD, CAT, 

and PCC. Based on the findings of these assays, 10 mM concentration was selected for further 

D-Gal-induced oxidative stress studies. 

2.6. Antioxidant effect of Ascorbic acid against D-Gal-induced oxidative stress. 

For this study, larvae (n = 20/replicate; 5 replicates per group) were exposed to four 

diet groups as, 1) control, 2) 10 mM ascorbic acid (hereafter referred to as 10 mM Asc)., 3) 6 

mg/ml D- Galactose, (hereafter referred to as D-Gal) and 4) 10mM ascorbic acid + 6mg/ml D- 

gal (hereafter referred to as D-Gal + 10 mM Asc). Third instar larvae from control and various 

treatment groups were used for biochemical analyses. 

2.7. Gustatory assay. 

The amount of food intake by house fly larva was assessed by adding Sulforhodamine 

B, a visible dye, into the diets, and after that gut redness was measured [38].  Recently hatched 

first instar larvae were transferred on the four food sets up to the second instar stage. At the 

late second instar stage, these larvae from each group were left unfed for 24 hours on tissue 

paper soaked in distilled water. At the end of the starvation period, larvae were again relocated 

on their corresponding experimental food set blended with 2% sulforhodamine B. Larvae were 

fed for 3 hours on the dye-blended food. Later these larvae were placed on ice for 

immobilization and then dissected. The entire larval gut was dissected and homogenized in 0.1 

M phosphate buffer, pH 7.2. The optical density of the supernatant was measured at 540nm 

using a microplate reader. 

2.8. Biochemical assays. 

2.8.1. Antioxidant enzymes. 

Post-treatment, 10 third instar larvae from each of the four groups were collected.  

Immobilization of the whole larvae was done on ice. These whole larvae were then 

homogenized separately in the respective assay buffers and centrifuged at 3000rpm for 15 min 

at 4°C. Further centrifugation of the supernatant was done at 12,000 g for 10 min at 4°C. The 

supernatant obtained from this centrifugation was stored at -80°C and later used within a week 

for further analysis.   
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2.8.1.1. Superoxide dismutase (SOD). 

For this assay, in 50 mM sodium phosphate buffer (pH 7.0), 10 whole larvae of the third 

instar stage were homogenized and later centrifuged (12,000g, for 10 min, at 4°C). SOD 

activity was measured by formazan inhibition in the presence of the enzyme [39]. Calculation 

of enzyme activity was done as units/mg of protein. 

2.8.1.2. Glutathione-S-transferase (GST) 

Similarly, the GST activity of supernatants was measured using 1-chloro-2, 4-

dinitrobenzene (CDNB) as substrate as per the method developed by Habig et al. (1974) [40]. 

The enzyme activity was calculated as nmol CDNB conjugate formed min/mg protein. A molar 

extinction coefficient of 9.6mM-1 cm-1 was used. 

2.8.1.3. Catalase (CAT). 

Third instar whole larvae (10) were homogenized in 66 mM phosphate buffer (pH 7.0), 

centrifuged at 8000g for 5 min at 4 °C. Supernatants were used for measuring enzyme activity. 

Abei's (1984) method was used to calculate catalase activity which was expressed as mmol 

H2O2 reduced per min (= 1 EU) per mg of protein using extinction coefficient 39.4 mM -1cm-1 

[9]. 

2.8.1.4. Ascorbate peroxidase (APOX). 

0.3 % H2O2 was added in all the supernatants (pH 7.0)containing 0.5 mM ascorbic acid, 

and then a decrease in absorbance was measured for 10 min at 290 nm. Boiled samples were 

concurrently analyzed. Enzyme activity was expressed as mmol ascorbate oxidized per min (= 

1 EU) per mg of protein using 2.8 mM-1cm-1 as molar extinction coefficient. 

2.8.2. Lipid peroxidation (LPO). 

The peroxidation of lipids (LPO) was evaluated using the thiobarbituric acid (TBA) 

reactive substances (TBARS) assay method [41]. Results are expressed as nmoles of 

malondialdehyde (MDA) per gm wet tissue. LPO was calculated as nanomoles of TBARS- 

formed per gm of tissue using a molar extinction coefficient of 1.56 x 10-5 M-1cm-1. 

2.8.3. Acid phosphatase (ACP). 

The ACP activity was measured using the method described by Linhardt and Walter 

(1963) with some modifications [42].  The assay mixture contained 20 μl of supernatant and 

0.3 ml of citrate buffer (pH 4.0) using 5.5 mM p-nitrophenyl phosphates as substrate. The assay 

tubes were incubated at 37 oC for 5 min. For stopping the reaction, 0.7 ml of 1.25M NaOH was 

added. Later the absorbance was taken at 405 nm. Calculation of ACP activity was done in 

terms of units formed per mg of tissue using the molar extinction coefficient 18.8 μM-1cm-1 of 

-nitrophenol. 

2.8.4. Protein carbonylation assay (PCC). 

Reznick and Packer's (1994) method was used to measure protein carbonyl content 

[43]. The concentration of carbonyls was quantified at 370 nm and calculated in terms of 

nmol/mg protein, using molar extinction coefficient 22 mM-1cm-1. Bovine serum albumin 
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(BSA) standard curve was used to quantify protein concentration in the guanidine solutions by 

measuring absorption at 280 nm.  

2.8.5. Determination of protein concentration. 

The concentrations of protein in all test samples were calculated by using the Bradford 

reagent [44]. Bovine serum albumin (BSA) was used as the standard. 

2.9. Effect of ascorbic acid and D- Gal on pupal viability and percent eclosion studies. 

In order to study the effect of the larval supplement of ascorbic acid and D-Gal on the pupation 

and eclosion of M. domestica, larvae were grown on each of the four treatment groups in 5 

replicates (n=20). The larvae were allowed to pupate, and a number of pupae formed were 

recorded. The number of flies ecloded from the pupa was counted, and the percentage of 

eclosion was calculated. 

2.10. Statistical analysis. 

All experiments were repeated in triplicate. Results analysis was based on the 

significance of differences between control and exposed larvae by one-way analysis of variance 

(ANOVA), followed by Tukey's test (means comparison) performed by applying a statistical 

software, SPSS -2011. Significance was set at p < 0.05. All data values were presented as mean 

± standard error (SE). Means sharing the same letter represent no statistical significance, p< 

0.05. 

3. Results and Discussion 

3.1. Selection of ascorbic acid concentration. 

The present study on M. domestica larvae documents the bimodal behavior of ascorbic 

acid in vivo in a concentration-dependent manner. Pro-oxidant behavior was attributed to its 

lethal effects on the larvae at higher concentrations of 60mM, 80mM, and 100mM, whereas 

antioxidant behavior to its oxidative stress-reducing effect at 10mM concentration in the D-

Gal challenged larvae. There was a significant decline in larval survival with increasing doses 

of ascorbic acid (Figure. 1). Maximum survival was found at 20 mM ascorbic acid, whereas 

maximum larval mortality was observed at the concentrations of 60 mM and 80 mM (Figure. 

1). 100 mM Ascorbic acid concentration showed 100% mortality. Further fine standardization 

of ascorbic acid at lower concentrations was performed using antioxidant assays.  There was 

observed a significant increase in SOD and PCC activity at 15 mM and 20 mM concentrations 

of Ascorbic acid (p<0.05 and p<0.01 respectively) as shown in Figure. 2.  But the activity of 

both enzymes did not significantly differ amongst the control and 10mM concentration groups. 

The LPO values of 15 mM and 20 mM groups were significantly higher than the control and 

10 mM ascorbic acid groups (p<0.05 and p<0.01, respectively). However, the LPO values of 

the control and 10 mM Asc treated group showed no significant difference.  

This dual behavior of ascorbic acid was previously reported in vitro by many of the 

workers [15, 18, 45].  Its pro-oxidant behavior has been documented by various studies. Osiecki 

et al. 2010 stated that the particular activity of Ascorbic acid is the function of its amount of 

dose, time, and cellular location [46]. According to Scheffler et al. (2019) it brings about 

glycation of the cellular proteins and interferes with the viability and outgrowth of neuritis [47]. 
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Ascorbic acid at higher doses is reported to damage DNA by excessive generation of 

H2O2 [48]. Moreover, it also exhibits its pro-oxidant nature in the presence of certain metals 

[49, 50]. A higher concentration of ascorbic acid is known to augment mortality owing to its 

cytotoxic and pro-oxidant properties [51]. Dietary supplementation studies have illustrated that 

ascorbic significantly improves mice's average life span but shortens in guinea pigs [52- 54]. 

The nature of ascorbic acid as a pro-oxidant is a debatable issue and has been very carefully 

worked out by Carr and Frei (1999) [55]. Studies performed on various cell lines demonstrate 

that a higher concentration of Ascorbic acid is an efficient therapeutic against cancer [18, 20, 

56-59]. The above studies are in accordance with our results, where at the concentration of 

80mM and 100mM maximum larval mortality was observed. We suggest that increase in 

mortality with increasing concentration of ascorbic acid may be mainly due to the extracellular 

auto-oxidation and H2O2 production. Under aerobic conditions, Ascorbic acid can react with 

molecular oxygen to produce superoxide radicals. This results in dismutation to H2O2, which 

can pass enter the cells and react with reduced metal ions to generate destructive OH radicals 

[60]. Ascorbic acid supplementation only delays oxidation before its initiation but will further 

augment oxidation when added to minimally oxidized Low-density lipoproteins [61]. 

 
Figure 1. Standardization of Ascorbic acid dose. Values are shown as means ± SD (n=20). Significance is based 

on p<0.05 compared with Control group values. * p<0.05, **= p<0.01, ***= p<0.001. 

The dose of 10mM ascorbic acid was used for further investigation as the SOD and 

PCC activities of 10mM ascorbic acid did not vary significantly from that of the control group. 

Lipid peroxidation was least in this group in comparison to the higher concentrations of 

ascorbic acid.  Co-supplementation of 10 mM Asc with D-Gal treatment significantly reduced 

the stress caused by D-Gal. The observed beneficial outcome of ascorbic acid on larvae of M. 

domestica at this dose may be owing to its antioxidant property. D-Gal was reported to 

accelerate the aging process by increasing oxidative stress in D. melanogaster and M. 

domestica [26]. In this study, the D-Gal ingestion significantly elevated the activities of all 

studied antioxidant enzymes. Comparable results were found on gut compartments of M. 

domestica [37]. 

The high activities of these antioxidant enzymes were found to curb the formation of 

oxidative radicals, which may cause impairment of biomolecules like proteins, fats, and DNA 

[63, 64]. SOD is directed towards the dismutation of the superoxide anion [64, 65]. It is the 

chief enzyme that eliminates the superoxide anion (O-2.). Boro and Jayakumar (2020) found 

that thermal stress significantly increased SOD levels in the midgut of Samia ricini [66]. 
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***= p<0.001. 

Figure 2. Standardization of Ascorbic acid concentration by antioxidant assays. Superoxide dismutase (SOD) 

activity is expressed as Units/mg Protein. Lipid Peroxidation (LPO) levels are expressed as nmol MDA 

formed/mg tissue. Protein carbonylation (PC) values are expressed as nmol /mg protein. Values are shown as 

means ± SD (n=10). Significance is based on p<0.05 compared with Control group values. * p<0.05, **= 

p<0.01, ***= p<0.001. 

3.2. Gustatory assay. 

The larvae of all the four treatment groups did not show any significant difference in 

the color index of the feeding assay (one-way analysis of variance, p>0.05) (Figure. 3). These 

observations thus confirm that the results obtained in the further experiments are attributed to 

the presence of the compound used for treatment (Ascorbic acid and D- Galactose) and not 

because of the change in feeding behavior. 

Figure 3. Gustatory assay in 3rd instar larvae of M. domestica on each of the four diet groups. Values are shown 

as means ± SE (n=10). Significance is based on p<0.05 compared with Control group values. 

3.3. Biochemical assays. 

A significant three-fold rise in the SOD activity of the larval group treated with D-Gal 

(p<0.05) was observed (Figure 4). Although there was a two-fold rise in SOD levels of 10mM 

Asc and D-Gal co-treated group compared to control (p<0.05), it was significantly less when 

compared with the D-gal treated group alone.  There was no significant difference in the SOD 

levels of the control and 10mM Asc treated groups (Figure 4). High-dose of Ascorbic acid 

decreased the SOD activity, exhibiting pro-oxidant nature at higher concentrations. Whereas 
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10mM Asc dose has improved SOD activity in the D-Gal co-treated group, which clearly 

proves that it performs an imperative role in scavenging O-2, thus directly functioning as an 

antioxidant. It is possible that the administration of low doses of Ascorbic acid averted the 

decline in SOD activity caused due to D-Gal-induced oxidative damage in M. domestica. 

 
Figure 4. SOD activity (Units/mg Protein) in M. domestica Larvae. Values are shown as means ± SD (n=10). 

Significance is based on p<0.05 compared with Control group values. * p<0.05, **= p<0.01, ***= p<0.001. 

During the assessment of another important antioxidant enzyme, GST, it was seen that 

there is no significant difference in the GST activities of the control and 10mM Asc treated 

groups (Figure 5). However, a significant rise in the GST activities was observed in the larvae 

treated with the D-Gal (three-fold rise) and D-Gal + 10 mM Asc co-treatment group (two-fold 

rise) as compared to the control group. An increase in the GST activity appears to be the 

response to increased oxidative radicals.  

 
Figure 5. GST activity (Units/ml/mg Protein) in M. domestica Larvae. Values are shown as means ± SD (n=10). 

Significance is based on p<0.05 compared with Control group values. * p<0.05, **= p<0.01, ***= p<0.001. 

Catalase (CAT) activity of treated and untreated groups in M. domestica larvae is shown 

in Figure 6.  D-Gal treated group showed a two-fold increase in the CAT activity (p<0.05), 

whereas a three-fold rise was observed in D-Gal + 10 mMAsc group (p<0.01). A major defense 

against H2O2 toxicity is via enzymatic removal by catalase [67-69]. We found increased 

catalase activity in D-Gal treated larvae. But its activity in D-Gal + 10mM Asc co-exposure 
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groups was found to be very high. This was not expected since catalase is only active at high 

concentrations of H2O2 due to its low affinity towards its substrate [69]. 

 
Figure 6. CAT activity (in mmol H2O2 reduced/min/mg Protein) in M. domestica larva Values are shown as 

means ± SD (n=10). Significance is based on p<0.05 compared with Control group values. * p<0.05, **= 

p<0.01, ***= p<0.001 

In insect cells, removal of H2O2 is determined based on CAT and/or APOX activity 

[70]. APOX enzymes employ ascorbate as a substrate for the detoxification of peroxides such 

as hydrogen peroxide. Thus they catalyze the reaction of transfer of electrons from ascorbate 

to peroxide, generating products as de-hydro ascorbate and water [71]. Also, the APOX activity 

was substantially augmented in the D-Gal treated group (three-fold) compared to the control. 

In addition, the activity of this enzyme showed a two-fold increase in D-Gal + 10 mM Asc 

group compared to the control (Figure 7).   

 
Figure 7. APOX activity (mmol ascorbate oxidized /min/mg Protein) in M. domestica larvae Values are shown 

as means ± SD (n=10). Significance is based on p<0.05 compared with Control group values. * p<0.05, **= 

p<0.01, ***= p<0.001 

There was no significant difference in the APOX activities of the control and 10mM 

Asc treated group. APOX stimulation with D-Gal in the larval tissue recommends its role in 

removing intracellular H2O2 residues that are not removed by the catalase [25]. 
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The MDA levels, a biomarker for lipid peroxidation, were significantly enhanced (two-

fold) in D- gal treated M. domestica larvae and slightly (but non-significantly) reduced in a 

group co-treated with ascorbic acid (Figure 8). The other three groups did not demonstrate any 

significant variation in their MDA levels. The biological membranes can be damaged by 

phospholipid deterioration, their primary molecular components [72, 73]. Lipid membranes 

enclosing the cellular organelles get damaged due to lipid peroxidation as an outcome of 

elevated oxidative stress. This leads to loss of membrane fluidity and integrity [74-77].  Lipid 

peroxidation occurring in membrane lipids plays a crucial role in the physiology and pathology 

of the cell [78]. There exists a number of membrane-bound enzymes whose activities are 

hampered by lipid peroxidation [79]. Decreased lipid peroxidation values in the Ascorbic acid 

co-treated group than the D-Gal alone treated group shows its antioxidant properties. This 

marks the healthy status of the cell mainly due to lysosomal clearance. 

 
Figure 8. Lipid Peroxidation (LPO) values (nanomoles of TBARS formed /mg Protein) in M.  domestica larvae 

Values are shown as means ± SD (n=10). Significance is based on p<0.05 compared with Control group values. 

* p<0.05, **= p<0.01, ***= p<0.001. 

Moreover, a significant three-fold rise in the ACP activities of D- Gal treated group and 

a two-fold increase in D-Gal + 10 mM Asc group as compared to the control group was seen 

(Figure 9). No substantial difference was found in the ACP activities of the control group and 

10 mMAsc treated groups. ACP has established substantial consideration in developmental 

studies because of its association with histolysis. It is well known that acid phosphatase 

hydrolyzes an array of ortho-phosphorylation reactions [80]. Lysosomal ACP is transported as 

a transmembrane protein to dense lysosomes.  

The pathway of lysosomal ACP to lysosomes includes passage through the plasma 

membrane [81]. Injured lysosomes are reported to release hydrolytic enzymes in the cytoplasm, 

inducing auto degradation of cellular proteins; it also causes impairment of endoplasmic 

reticulum, hindering the process of protein synthesis and intracellular transport of vital 

compounds [28, 82, 83]. This indicates that the increased activity of ACP in the present study 

may result from an increased number of lysosomes. 
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Figure 9. Acid Phosphatase (ACP) (units/ml/mg of protein) in M. domestica larvae. Values are shown as means 

± SD (n=10). Significance is based on p<0.05 compared with Control group values. * p<0.05, **= p<0.01, ***= 

p<0.001. 

No significant difference was evident in the Protein Carbonylation (PCC) level of the 

control and 10mM Asc treated group. But a significant three-fold rise in the PCC levels of the 

D-Gal and D-Gal + 10 mMAsc(two-fold rise) co-treated groups were observed (Figure 10). 

Protein carbonyls, the markers of protein oxidation, can be formed by several mechanisms, 

which include: the direct oxidative breaking of the peptide chain, or by oxidation of the specific 

amino acid residues like lysine, proline, arginine, and threonine, or modification of lysine, 

histidine, and cysteine residues by aldehydes, such as Malondialdehyde (MDA) and 4-

hydroxynonenal (HNE) [62].  

 
Figure 10. Protein Carbonylation (PCC) (nmol / mg protein) in M. domestica larvae. Values are shown as 

means ± SD (n=10). Significance is based on p<0.05 compared with Control group values. * p<0.05, **= 

p<0.01, ***= p<0.001. 

Increased PCC values in D-Gal treated groups may be due to the deleterious effects of 

D-gal induced oxidative stress on proteins. Oxidative modifications to proteins have been 

implicated in numerous conditions including aging, and neurodegenerative diseases such as 

Alzheimer's disease and Parkinson's disease [84-87].   
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3.4. Effect of ascorbic acid and D- Gal on pupal viability and percent eclosion studies. 

There was no evident difference in the survival rate of larvae reared in all treatment 

groups. The larvae survived in all the groups, but differences in their pupation rates were 

registered. Amongst all the treatment groups D- Gal treated larval group showed a significant 

(9.38%) decrease in the percent pupation rate. The decrease in the pupation rate of the D-Gal 

+ 10 mM Asc co-treated group (6.81%) was not significant compared to the control group. The 

percent (%) pupation of the 10 mM Asc treated group was higher (70.27%) compared to all 

treatment groups, but it was not significant (Figure 11).  

 
Figure 11. Effect of Ascorbic acid diet supplementation on percentage (%) pupation in M. domestica larvae. 

(The bars represent the mean of live pupae ± SE. *p < 0.05 vs. control group.) 

The survival of pupae was assessed by considering their eclosion rate. D-Gal-treated 

pupae showed a significant (7.27%) decrease in the percent eclosion. Though D-Gal + 10 mM 

Asc group showed a 5% decrease in eclosion, it was not significant. Similarly, the 10 mM Asc 

treated group showed a 5.23% increase in percent eclosion, but it was not significantly diverse 

compared to the control group eclosion rate. (Figure 12).  

 
Figure 12. Effect of Ascorbic acid diet supplementation on percentage (%) eclosion in M. domestica larvae 

(The bars represent mean of adult eclosion form pupae ± SE. *p < 0.05 vs. control group.) 

The survival of larvae reared on all treatment groups was not found to be affected. But 

we found an increase in pupation rate in the ascorbic acid-treated group. Similar results were 

reported by Jumbo-Lucioni et. al. (2013) in D. melanogaster [88]. The survival of pupae was 
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also found to be affected by D- gal, as we found decreased adult eclosion in this group. These 

results indicate that D-Gal is affecting the developmental stages of the M. domestica. The larval 

survival was not affected, but the pupation rates were hampered, indicating the larval to pupal 

developmental damage. Ascorbic acid was found to increase the percent pupation rate of M. 

domestica, whereas there was no difference found in the pupation rate of the Control and D-

Gal + 10 mMAsc co-treated group. 

This suggests that modification of larval diets has a significant effect on the pupation 

rates. Some studies have shown that modification of larval diet affected the pupal and adult 

characters [89- 93]. 

4. Conclusions 

The present study concludes that ascorbic acid can effectively minimize the deleterious 

effects of D-Gal when supplemented at lower doses but fails to do so at higher concentrations, 

enforcing severe impairment itself.  
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