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Abstract: 

Paraquat (PQ) is known to induce oxidative stress (OS), which causes damage to the cell membrane, 

DNA, lipids, and proteins. In the present study, we analyzed the degenerative effect of PQ-induced 

OS and the ameliorative effect of Aloe vera gel (AVG) on egg morphometry in 

Drosophila melanogaster (Dm). Flies were sorted into control (CTR), PQ-treated, and AVG+PQ 

co-treated. The control group was fed on Standard Drosophila Medium (SDM). The AVG- 

supplemented group was fed on SDM and Aloe vera gel (5mL/L). PQ-treated and AVG+PQ-treated 

groups were exposed to an 18mM/L concentration of PQ for 8 hours and were allowed to recover 

from PQ stress by feeding on their respective food for 48 hours. The eggs laid by mated females 

were analyzed morphometrically under a stereo-zoom microscope. A significant degenerative 

effect was observed for the eggs of Drosophila flies exposed to PQ without Aloe vera gel 

supplementation. In comparison, a substantial reduction in egg degeneration was observed where 

flies were supplemented with Aloe vera gel and PQ exposure. The result of the present study showed 

the degenerative effect of PQ and the ameliorative effect of AVG in Dm. 
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Introduction: 

Aerobic metabolism develops reactive oxygen species (ROS), which are by-products that accumulate 

during regular oxygen metabolism. ROS production is necessary for gene expression (Finkel & 

Holbrook, 2000), cell signaling (Thannickal & Fanburg, 2000; Ravindra et al., 2004; Sittipunt, 2005), 

and redox homeostasis. Antioxidant systems that scavenge free radicals are essential for maintaining 

a healthy ROS level. The balance between generating and eliminating ROS is crucial for almost every 

mammalian metabolic function. Maintenance of this balance is an essential constitutive process and 

mainly influences cell proliferation, differentiation, apoptosis, and death (Suntres, 2002). Oxidative 

stress (OS) arises when ROS generation outpaces the antioxidants' capacity to scavenge ROS. 

Unfortunately, an increase in ROS concentration or a decrease in scavenging capacity can readily 

disrupt this equilibrium. ROS levels that are too high are hazardous to human health. They can 

accumulate oxidative damage in distinct subcellular compartments that exert very toxic effects on 

DNA, proteins, and lipids. ROS-mediated damage can ultimately influence physiological functions, 

such as cell and redox-sensitive signaling pathways, and lead to pathological conditions (Smith et al., 

1978). 

Regarding the female reproductive system, ROS and antioxidants have been recognized as critical 

factors involved in ovarian physiological metabolism. Nutritional status influences reproduction at the 

level of gametogenesis, particularly ovarian function, in a wide range of organisms, from invertebrates, 

like worms and insects, to large domestic animals, like sheep and pigs (Drummond-Barbosa & 

Spradling, 2001; Sohrabi et al., 2015; Hohos & Skaznik-Wikiel, 2017; Wang et al., 2017). For 

example, a high-fat diet leads to poor ovarian function, as evidenced by more ovarian follicle death 

and fewer maturing follicles in rabbits (Cordier et al., 2013) or an increase in immature, at the expense 

of developing, follicles in mice (Solon-Biet et al., 2015). Conversely, ovaries from mice fed a 

calorically restricted diet contained a larger pool of developing follicles and fewer atretic follicles 

compared to female mice fed ad libitum, ultimately leading to improved fertility and fecundity 

(Selesniemi et al., 2008). Over the last decade, Drosophila melanogaster, the fruit fly, has emerged as 

an essential player in metabolism and physiology studies (Baker & Thummel, 2007; Rajan & 

Perrimon, 2013; Trinh & Boulianne, 2013), with many focused on the effects of maternal nutrition on 

reproduction and offspring health (Brookheart & Duncan, 2016). In the present study, Drosophila 

melanogaster was used as an in-vivo model organism to understand the dietary influences of Aloe vera 

gel on ovarian function due to morphological similarities between fruit fly and human ovaries as well 

as stages of Drosophila oocyte development, which will provide helpful information on the overall 

influence of diet on ovarian output (i.e., oocyte production) in fruit flies. 
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Materials and Methods: 

Oregon-K strain of Dm was grown on SDM. Flies were sorted into Control (CTR), PQ-treated, and 

AVG+PQ co-treated. The control group was fed on Standard Drosophila Medium (SDM). The AVG- 

supplemented group was fed on SDM and Aloe vera gel (5mL/L). PQ-treated and AVG+PQ-treated 

groups were exposed to an 18mM/L concentration of PQ for 8 hours and were allowed to recover from 

PQ stress by feeding on their respective food for 48 hours. The eggs and wings were analyzed under 

the stereo-zoom microscope. Poel’s salt solution was applied during the eggs' analysis to maintain the 

egg membrane's osmolarity. 

Result and discussion: 

PQ’s effect on the developmental morphology of eggs: 

For morphometrical analysis, eggs were collected from CTR, AVG-supplemented, PQ-exposed, and 

AVG+PQ co-treated flies, Figures 1 and 2 depict the eggs laid by a Drosophila female fly and the 

structure of a single egg, respectively. Eggs from the CTR group showed average growth and 

appearance, whereas eggs of PQ-exposed flies showed an abnormal appearance (~46%) due to shorter 

and malformed chorionic appendages (Figure 3). The size of the eggs from the PQ-exposed flies was 

also reduced compared to eggs oviposited by control females. Most exposed eggs showed significant 

developmental abnormalities in the chorionic appendages and outer chorion structure (~91%; n ~ 45). 

The cuticle layer of the 3rd instar larvae was degraded in the initial three days when metamorphically 

emerging into 3rd instar larvae. 3rd instar larvae of control flies developed a mature cuticle layer with 

polar cells. Their polar cells were identified with the acid staining. In contrast, eggs from the PQ- 

treated flies lacked the cuticle layer as it was degraded in the initial three days when metamorphically 

emerging into 3rd instar larvae (Figures 2 and 3). Figure 4 describes the negative image of an egg 

from the control Drosophila fly, showing yolk spheres, vitelline membrane, and PF. 
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Figure 1: Eggs laid by Drosophila are indicated by blue arrows. 
 

 
 

Figure 2: A single egg structure of Drosophila melanogaster. 
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Figure 3: Positive and Negative Images of Control, Paraquat-Exposed, and Aloe Vera- 

Supplemented Eggs of Drosophila melanogaster Individuals 

 
 

Figure 4: Negative image of an egg from a control Drosophila fly showing yolk spheres, 

vitelline membrane, and PF. 
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PQ’s effect on the developmental morphology of wings: 

A morphometric study was performed to analyze the PQ's effect on the development of wings. Wings 

from the CTR flies showed a regular appearance in their size and development (Figure 5), whereas 

wings from the flies exposed to PQ showed an abnormal appearance in their size and development 

(Figure 6). PQ-treated and AVG+PQ co-treated group improved their deformed wings (Figure 7). 

 

Figure 5: Drosophila wings from CTR flies. 
 

Figure 6: Drosophila wings from PQ-treated flies. 
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Figure 7: Drosophila wings from PQ-treated and Abmg-5-supplemented flies. 

 

The female reproductive system of Dm was severely affected by PQ exposure. Females who received 

PQ treatment for their ovaries showed flaccid ovaries and tiny, underdeveloped follicles. The 

deposited eggs had smaller chorionic appendages or none at all and an uneven surface pattern 

imprinted on the egg during oogenesis by the follicular cells around it. Only a small percentage of 

eggs hatch into larvae, and many develop melanotic tumors or pass away later in life. The tiny number 

of adult survivors exhibited tumors and severe malformations, such as aberrant bristles, eyes, and legs, 

eerily identical to those deformities reported in anti-folate-treated mammals (Schardein, 2000). 

Given that PQ is employed to stop rapidly dividing cells, these results may not be entirely unexpected. 

The existence of antioxidants and their transcripts in the female reproductive system has been the 

subject of numerous investigations (Tapiwanashe et al., 2006; Fryxell, 1988; Das et al., 2011). 

According to earlier research, the equilibrium between ROS and antioxidants has a significant impact 

on the reproductive processes in female mammalian animals, including endometrial changes during 

various luteal phases, folliculogenesis, ovulation, fertilization, placental growth, embryogenesis, and 

implantation (Akilandeswari et al., 2010). However, compromised reproduction and fertility may be 

induced under OS conditions, including impaired ovarian functions, deteriorated oocyte quantity, 

embryonic development disorders, gynecological disease, and infertility (Harbourne, 1973; Trease & 
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Evans, 1989; Nada et al., 2008). In order to sustain normal ovarian function, antioxidants are crucial 

for preserving the redox balance in the ovaries. Their precise chemical mechanisms and functions, 

however, are still unclear. Prior research has mainly concentrated on the roles ROS plays in the 

ovaries. Therefore, in this context, it is necessary to have a systematic understanding of antioxidant 

expression, regulation, and molecular pathways related to ovarian function. In the present study, PQ 

exposure demonstrated its oxidative nature, which was observable as egg and wing degeneration of 

the PQ-treated group. In contrast, the ameliorative effect of Aloe vera gel due to its phytoconstituents 

was demonstrated by the AVG+PQ co-treated group, where flies showed improved egg and wing 

morphometry. However, future investigations of possible antioxidant supplementation are necessary 

to protect against various nutrition-related diseases. 
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