
Introduction

Diabetes mellitus is one of the management disease spread 

worldwide. Since, last 30 years of efforts which were made to 

cure this disease have so far proved unsuccessful. However, 

management of this disease by the use of oral anti-diabetic drug 

and dietary therapy using murine model has shown some 

promise (Karthikeyan et al., 2017; King et al., 2012; Eddouks et 

al., 2012; Frode et al., 2008). The murine model used for 

understanding metabolic diseases suffers from high 

maintenance cost and lengthy developmental time; therefore, 

scientists were looking for a good model organism which is 

having low maintenance cost and its developmental time should 

be shorter (Beckingham et al., 2005; Hales et al., 2015; Wolf et 

al., 2008).

There is a high degree of conservation among the 

neuroendocrine and metabolic architecture among members 

of the animal kingdom. The insulin signaling pathways and 

storage of excessive glucose in the form of glycogen and 

triglycerides are some of these evolutionary ancient and 

highly conserved pathways (Musselman et al., 2011; Zhou et 

al., 2014).  and humans have similar insulin D. melanogaster

signaling machineries and homologies between important 

transcription regulators of carbohydrates, proteins and lipid 

metabolism, such as FOXO TOR and PGC –K (Baker and 

Thummel, 2007) in recent years growing evidence suggests 

that has been extensively utilized to understand Drosophila 

carbohydrate metabolism because carbohydrates are the 

main component of a fruit fly natural food. Although the 

influence of under and over nutrition on fly physiological 

parameters have also been studied (Coogan, 2013; Morris et 

al., 2012). Despite that, many physiological, biochemical and 

molecular aspects of carbohydrates overfeeding remain 

obscure.

Further, the mechanisms underlying the long-term 
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complication of type 2 diabetes are still not completely 

understood. However, strong evidence points out 

hyperglycemia as a potent inducer of the damage or induction of 

oxidative stress, this is because the biochemical pathway that is 

activated during hyperglycemia shows glucose auto-oxidation, 

protein glycation and advanced glycation end products (AGEs) 

formation which can trigger oxidative damage via free radicals 

overproduction and antioxidant defenses repairment (Hunt et 

al., 1991; Yim et al., 2001). 

Oxidative stress can damage several biomolecules like proteins, 

lipids, and DNA thereby leading to the inactivation of enzymes 

affecting DNA integrity and cellular membrane composition 

(Therond et al., 2005; . Reproductive Shokolenko et al., 2009)

efforts during mating, courtship and copulation also produces the 

oxidative stress (Merkling, 2017; Romero et al., 2016; Salmon et 

al., 2001) therefore oxidative stress resulted due to intake of 

dietary components such as carbohydrate and proteins along with 

oxidative stress may lead to changes in metabolic phenotype and 

affects survival of an organism. Studies have shown that 

compounds with strong antioxidant property can potentially be 

effective in delaying diabetes-related complications, one such 

class of compound is plant-derived polyphenols, which can be 

divided into catechin, flavones (e.g. Luteolin) and isoflavones 

(e.g. Genistein) etc., (Kumar et al., 2013; Mooza et al., 2014). 

Different plant extract have different flavones, therefore there is 

an option for usage of ayurvedic medicinal plants which are a very 

rich source of the bioactive component having the potential of 

counteracting the ill effects of diet-related disorder which are 

popularized today (Vinayagam et al., 2015). Studies have also 

shown that phytochemicals derived from plants have managed 

oxidative damage caused by free radicals and its effect on survival 

of the organism (Lobo et al., 2015).

Gymnema sylvestre (GS) has been used as an ayurvedic 

medicine from almost  2000 years for treating diabetes (Thakur 

et al., 2012) GS also known as madhunashini (Sanskrit) or sugar 

destroyer is a valuable herb belonging to the family 

Asclepiadaceae which is widely distributed in India, Malaysia, 

Srilanka, Tropical Africa (Saneja et al., 2010; Stoecklin et al., 

1869).  extract earlier was used as a decoction or the Gymnema

leaves are chewed directly for the treatment of type 2 DM 

(Kanetkar et al., 2007).  contains a bio-active Gymnema

molecule called Gymnemic acid belonging to the class oleanane 

Saponins (Yoshikawa et al., 1992) which is the active 

component present in GS extract. Gymnemic acid though being 

hypoglycemic compound but also shows anti-oxidant properties 

(Kang et al., 2012).

Recent pharmacological studies have shown that Gymnemic 

acid is the principal component in the leaf extract of Gymnema 

sylvestre and it is made of molecules similar to that of glucose 

which shows hypoglycemic activity. First it promotes the 

cells necessary for insulin production, secondly, it inhibits 

the absorption of glucose in the intestine and lastly it 

increases the utilization of glucose by increasing the 

activity of enzymes responsible for glucose metabolism by 

insulin-dependent pathways and phosphorylase activity 

(Kanetkar et al., 2007; Saneja et al., 2010).

In recent studies Ecker et al., (2017) who while working on 

D. melanogaster S. cumini B. forficata have shown that  and  

as a protective agents against Hyperglycemia and oxidative 

stress, in the similar way Studies have also been carried out 

to know the anti-diabetic and anti-oxidant role of  Gymnema

in diabetic induced mice (Ibrahim et al., 2017). However no 

work till now has been carried out in establishing 

interrelationship between hyperglycemia induced by high 

sucrose diet, oxidative stress and reproductive traits 

(Accessory gland and sperm traits) and longevity of an 

organism on one hand and the protective role of Gymnema 

sylvestre in counteracting these traits on the other hand. 

Therefore present study has been undertaken in D. 

melanogaster to understand the protective role of 

Gymnema sylvestre leaf extract on high sucrose diet-

induced diabetic like phenotype, oxidative stress, 

reproductive traits and longevity.

Material and methods

Collection of Plant Material  

Gymnema sylvestre leaves were collected from 

Government Ayurvedic plant collection centers, Mysuru, 

India and authenticated by the Institute personnel. The plant 

leaves were dried (5% humidity, room temperature) in 

shade and powdered for further extraction. 

Extraction of plant material

The shade dried leaf powder of GS was subjected to the 

extraction process as follows. Exactly 50 g of the plant 

material was extracted with various organic solvents 

successively in the ascending order of polarity (hexane, 

dichloromethane, ethyl acetate, and methanol) in Soxhlet 

apparatus. In brief, 50 g of the plant material was initially 

extracted with 1L hexane at 60°C for 24 h, the residue 

obtained was completely dried and extracted with 1 L of 

dichloromethane for 24 h, and subsequently, the residue 

obtained was extracted with 1 L of ethyl acetate and 

followed by 1 L of methanol. Extracts were concentrated by 

Rotar evaporator under reduced pressure at room 

temperature, and 5mg of dried extract was used for the 

treatment.

Fly strain and culture conditions 

Experimental stock used in the present experiment was W  118
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strain flies, expressing t-GPH proteins which were obtained from 

Drosophila stock center Bloomington, Indiana University. This 

strain was earlier used for understanding insulin resistance in 

many experiments (Coogan et al., 2013; Morris et al., 2012). 

These flies were used to collect the eggs using Delcours 

procedure (Delcour, 1969). Eggs (100) were transferred to each 

of the culture bottle (250 ml) containing wheat cream Drosophila 

agar medium and were maintained at 22± 1 C and 70% RH with a 0

12:12 L: D photoperiod. Unmated males and virgin females were 

isolated within 3 hrs of their eclosion. Twenty flies (20 males and 

females together/and also separately) were transferred to quarter-

pint bottles (250 ml) containing 5 ml of control diet (wheat cream 

agar media), 30% High sugar diet (HSD-wheat cream agar 

media+30% sucrose), treatment diet (30% HSD+GS extract, 

prepared by adding 5 mg of GS extract/litre of 30% HSD) for 10 

days. Following this, flies were subjected for body weight 

measurement, whole body metabolite measurement, 

biochemical analysis, and reproductive traits analysis.

Lifespan assay 

For lifespan study, flies were obtained from the culture bottles set 

up at a density of about 100 eggs per bottle. As with all our assays, 

females were exposed to males for 72 h following eclosion and 

then separated according to their sex. A total of 100 mated males 

and 100 mated females were used in this experiment. These flies 

were housed separately in vials at defined density supplemented 

with different diets (Control, 30% HSD, 30% HSD+GS extract) 

(5 vials with 20 flies each per sex per diet). All flies were 

transferred to new vials with fresh diet every 2–3 days depending 

on media condition to eliminate the emerging larval stages in the 

vials containing female flies and replenish nutrients which may 

have exhausted. Mortality was recorded every 24 h until all flies 

had died.

Body weight measurement

Ten males/females flies (control diet/30%HSD/30% HSD +GS 

extract) in a group were used to take their weight (in mg) using a 

microbalance. A total of five trials were made separately for 

control, 30% HSD and 30% HSD+GS extract diets.

Whole body metabolite measurements

Heads of twenty-five flies fed in different diets (control 

diet/30%HSD/30% HSD +GS extract) were decapitated using 

anesthetic ether and stereomicroscope and transferred them into 

chilled micro centrifuge tubes containing buffer A provided with 

assay kit and homogenized using a motorized micro pestle. After 

centrifugation, supernatants were used for determination of 

metabolite levels. Glucose was determined by using the glucose 

detection kit (SIGMA). Trehalose and glycogen were determined 

after converting them into glucose through the addition of 

trehalase (SIGMA, 0.2 U/ml) and amyloglucosidase (SIGMA, 

0.1 U/ml) respectively. Assays were measured using 

BioTek Synergy 2 96- well plate reader. A total of three trials 

were performed separately for each of the control, 30% 

HSD and 30%HSD with GS   leaf extract diets.

Biochemical assays

Fifty male and females obtained from flies fed under 

different diets (control diet/30%HSD/30% HSD +GS 

extract, ten flies per vial-cold anesthesia treated) were 

homogenized in 1ml of respective assay buffers and 

centrifuged at 2500 g for 10 mins at 4 C. Stress enzymes 0

namely ROS and antioxidant enzymes (SOD and CAT) 

were assayed from the supernatant. A total of three trials 

were run/diet/sex. Separate experiments were run for 

control, 30% HSD and 30% HSD with GS leaf extract.

Reactive oxygen species

Estimation of ROS was done using 2′7′-Dichlorofluorescin 

diacetate (DCFH-DA) (Sigma Chemical, St. Louis, MO, 

USA) in which reaction involving  the conversion of 

nonfluorescent DCFH-DA into a highly fluorescent 

product, 2′7′-dichlorofluorescein (DCF), in the presence of 

ROS was measured in a spectrofluorometer with the 

excitation wavelength of 488 nm and emission at 525 nm. 

Quantification of ROS was done from a DCF standard curve 

and it was expressed as μmoles of DCF formed/min/mg 

protein (LeBel et al., 1992).

Antioxidant enzymes

Pyrogallol (2 mM) was used to measure SOD activity 

(Sigma Chemical, St. Louis, MO, USA) wherein 

autoxidation of pyrogallol in 0.1 M Tris buffer (pH 8.2) was 

monitored at 420 nm for 3 min and expressed as units of 

enzyme required to inhibit 50% pyrogallol autooxidation 

(Marklund and Marklund, 1974). 1% hydrogen peroxide in 

0.05 M phosphate buffer (pH 7)was used as a substrate to 

measure ( H O ) catalase activity which is estimated by 2 2

monitoring the change in absorbance at 240 nm for 3 min 

and expressed as mili moles of H O  decomposed/ min/mg 2 2

protein (Aebi,1983).

Protein estimation

Lowry's method was used to estimate Protein content in the 

homogenate by using BSA (Sigma Chemical, St. Louis, 

MO, USA) as the standard (Lowry et al., 1951).

Measurement of accessory gland and sperm traits

Accessory gland of etherized unmated male/mated male 

(5mins after mating) [mating was observed by placing an 

unmated male and virgin female in an Elens-Wattiaux 

chamber along with a virgin female (5–6 days old). The pair 

was observed for 1 hr. Pairs that did not mate within 1 hr 
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were discarded. If mating occurred, the copulation duration was 

recorded] were dissected out using medium A (Ashburner, 1970) 

with the help of stereomicroscope and fine needle and fixed in 1N 

HCL for 5mins.Individually these glands were photographed 

using a digital camera. The area of the gland was calculated by 

dividing each gland into smaller areas consisting of triangles, 

trapeziums, and rectangles following the procedure of Raviram 

and Ramesh (2002). Following this accessory gland were 

transferred into 2% lactoacetoorcein stain for 20mins and 

squashed between a glass slide and a cover slip using 45% acetic 

acid. The total number of main cells in each accessory gland was 

counted, and main cell sizes were measured. 

Quantification of accessory gland protein by Lowry's 

method

To quantify accessory glands of unmated males (10 days old) 

Approximately 50μL of Acps were obtained from unmated male 

(10 days old) obtained as described above were mixed with 5 ml 

Bradford reagent, which was generated by adding 100 mg 

Coomassie Brilliant Blue G-250 (in 50 ml 95% ethanol) to 100 

ml 85% phosphoric acid and then diluting the mixture to1 L with 

distilled water. The solution was allowed to stand for 5 min to 

develop color. The quantity of proteins in each sample was 

determined by measuring optical density at 595 nm using a 

spectrophotometer. Bovine serum albumin was used as the 

standard. Fifty trials were run for each group. Separate 

experiments were run for control, 30% HSD and 30% HSD with 

GS leaf extract.

Measurement of sperm traits

Mated female obtained as above was dissected in 20μL Beadle-

Ephrussi Saline (128.3mM NaCl, 4.7 mMKCl, 23 mM CaCl ) 2

(Ephrussi-Beadle, 1936), to dissociate sperm from its 

reproductive organ into the solution.20 ml of lacto-acetoorcein 

was added to the slide without draining the saline. The number of 

sperm was then counted using an Olympus CX21 microscope. 

Total sperm counts include sperms in the spermatheca, seminal 

vesicle, and sperms in the genital tract of the mated female. Fifty 

trials were run separately for each of the control, 30% HSD and 

30% HSD with  leaf extract diets. The repeatability Gymnema

index was also calculated to understand the consistency of an 

individual (repeatability, often symbolized as r, ranges from 0 to 

1, and expresses the proportion of variations in a trait that is due 

to differences among individuals not due to differences within 

the individual). In our experiment, three counts were made per 

male to calculate repeatability Index. In the result, it was noticed 

that r value was 0.528 (sperm in spermatheca), 0.513 (sperm in 

seminal vesicle) and 0.534 (total sperm). These variations are 

due to differences among individuals, which can only happen if 

individuals are consistent. Therefore the r-value of 0.5which is 

pretty consistent for our data.

Statistical analysis

Kaplan-meier survival curve analysis was carried out on 

life span assay (longevity) using IBM SPSS statistics 20 

software version. One way ANOVA followed by Tukey's 

post hoc test was carried out on body weight, metabolites 

level (Glucose, Glycogen and Trehalose), oxidative stress 

enzymes, and accessory gland and sperm traits parameters.

Results

Analysis of  extractGymnema sylvestre

Figure-1 shows HPLC analysis of Gymnema sylvestre 

methanolic leaf extract showing the active component 

Gymnemagenin which is the aglycone central structure of 

the bioactive molecule in gymnemic acid at RT of 7.366.

Survival 

The lifespan study as seen in the survivability curve reveals 

that females live longer than males (Figure 2). The mean 

lifespan was 63.3 for females and 56.5 for males. Feeding of 

30% HSD significantly reduced the development of flies 

compared to the flies fed on the control diet. Flies fed with 

30% high sucrose diet exhibited an average lifespan 

reduction of approximately 10 days than those flies which 

fed with control diet. Further, 30% HSD induced 

developmental abnormality that is obesity which is seen in 

5  day onwards of feeding. Flies fed with treatment diet th

(30%HSD+  leaf extract) reduced the Gymnema sylvestre

mortality rate suggesting that treated flies live longer than 

those flies which is fed with 30%HSD  alone but did not 

lived with that of flies fed on control diet.

Analysis of bodyweight

Mean values of body weight (Figure 3) obtained showed 

that diet rich in sucrose (30% HSD) induced a change in 
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Figure 1.   HPLC Chromatogram of Gymnema sylvestre 

leaf extract with retention time of 7.366 min corresponding 

to gymnemagenin
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body weight of both male and female flies when compared to the 

control group. In males, body weight increased significantly 

when flies fed with 30% high sucrose diet. The obese phenotype 

of the male flies was reduced by the treatment of GS extract 

given along with 30% HSD; however, it did not reach the level of 

control groups. Even in females, similar rise in weight was 

observed when fed with 30% HSD; however, GS extract treated 

along with 30% HSD had completely reversed the phenotypic 

abnormality of female flies.

One way ANOVA followed by Tuckey's post hoc test carried out 

on above data revealed that in both male and female flies 

significant increase in the body weight was noticed which was 

reversed though not completely but significantly by the 

treatment of GS extract along with 30% HSD. 

Metabolite levels

Mean value and analysis of data for Whole-body glucose, 

glycogen and trehalose levels in the flies fed with control diet, 

30% HSD and 30% HSD+GS extract diets were provided in 

figure 4. Mean values of the metabolite levels increased 

significantly in flies fed with 30%HSD when compared to the 

normal or control group of flies (Figure 4). It was observed 

that there was approximately two-fold increase in glucose 

concentration and one fold increase in glycogen level in flies 

fed with 30%HSD compared to control group which was 

counteracted by diet consisting of 30% HSD along with GS 

extract further  trehalose levels also increased in a similar 

way to that of glycogen, however, this rise was less compared 

to glucose level.
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Figure 2. Sex difference in the survivability of  as determined by the Kaplan–Meier survival analysis [A] Male D. melanogaster

[B] Female. The graphs represent the survivorship of male and female flies housed separately in vials (n=150; 5 vials with 10 flies 

each per group per sex). The log-rank test revealed a statistically significant difference in the survivorship between males and 

females (Chi square value=410.070 and P<0.001)

Figure 3. Effect of  extracts on total body weight of Gymnema sylvestre

male and female flies fed on 30%high sucrose diets   [male F=97.353; 

df=2.87; Female F=48.522, df=2.87]

Figure 4. Effect of  extracts on carbhohydrate Gymnema sylvestre

content of flies fed on high sucrose diet [Glucose: F=6035.85, df=2.87; 

P<0.000 Glycogen: F=624.412, df=2.87; P<0.000; Trehalose: 

F=2547.273,df=2.87; P<0.000]
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Oxidative stress

Figure 5 shows the mean value of ROS, SOD and CAT and 

analysis of data flies fed with different diets. It was noticed that 

endogenous ROS, SOD and CAT levels increased compared to 

the control group of flies when fed with 30% HSD. In the 

meanwhile flies treated with  extract along Gymnema sylvestre

with 30% HSD showed a reduction in ROS levels. One way 

ANOVA followed by Tukey's post hoc test applied on the above 

data revealed significant variation in the ROS levels between 

diets in both male and female.

Antioxidant parameters

ROS, SOD and CAT enzyme activity 

The concentration of ROS increased in flies fed with high 

sucrose diet whereas the activity of antioxidant enzymes 

SOD and CAT were disrupted in flies fed on 30% HSD. The 

sucrose intake, at this concentration, caused an increase in 

CAT activity and SOD activity (represented by the 

inhibition of quercetin oxidation) respectively, when 

compared to the values found in the control group. The 

changes caused by 30% HSD on the antioxidant enzymes 

were reversed by G. sylvestre.

Reproductive fitness

Table 2 shows the mean value of number and size of the 

main cells in accessory glands and size of the accessory 

gland in flies grown in different diets. According to the data 

number of cells in the accessory gland and main cell size in 

accessory gland and size of the accessory gland decreased 

in flies fed with 30% HSD.  extract along with Gymnema

30% HSD was unable to increase the number of the main 

cell in accessory gland and size of the accessory gland 

whereas main cell size in accessory gland was brought to 

normal to that of the control group flies. One way ANOVA 

followed by Tukey's post hoc test on accessory gland 

parameters showed a significant difference in the values 

obtained between different diets.

The quantity of Acps in unmated /mated and transferred 

quantity decreased in flies fed with 30% HSD. Gymnema 

sylvestre extract treatment along with 30% HSD was 

successful in reverting the situation to normal levels (Table 2 

A). One way ANOVA followed by Tuckey's post hoc test 

revealed significant variation between diets in quantity of 

Acps in unmated and mated flies and also transferred 

quantity of accessory gland proteins. Duration of copulation 

also varied significantly between different diets lowest 

copulation duration was noticed in flies fed with 30% HSD; 

however, it did not reverted back to normal duration when 

flies were treated with GS along with 30% HSD. 

Sperm traits such as spermathecae, seminal receptacle, total 

sperm transferred  number of eggs (fecundity),progeny 

production(fertility) showed a remarked decrease in flies 
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Figure 5. Effect of  on enzyme activity on Gymnema sylvestre

flies fed with 30% HSD [A-ROS, B-SOD, and C-CAT]

Diet Rava Yeast Agar Jaggery Sucrose Total 

g/L Kcal/L g/L Kcal/L g/L Kcal/L g/L Kcal/L g/L Kcal/L g/L Kcal/L 

Control(Normal Diet 100 209 10 28 10      _ 100 358    _    _ 220 595 

        30%HSD 100 209 10 28 10      _ 100 358 300 1200 520 1795 

 

Table 1. Nutritional component and caloric content from diets
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fed with 30% HSD diet compared to flies fed with control diet 

however reversal of such reduction was noticed in the  

hyperglycemic flies which were treated with 30%HSD+GS 

extract (Table 2 B). One way ANOVA followed by Tukey's post 

hoc test revealed a significant difference in sperm traits between 

different diets.

Discussion

The growing evidence show high mortality rates which is 

associated with the metabolism-related diseases which made us 

to study the role of nutritional components in the etiology of the 

metabolic diseases. In the present study,  flies D. melanogaster

were used as a model organism for understanding potential toxic 

effects of consumption of diets rich in sugar on oxidative stress 

and reproductive fitness on one hand and the protective effects of 

extracts from medicinal plants  which is Gymnema sylvestre

popularly used to treat DM related problems on the other hand. 

In  high sucrose diets consumption increased D. melanogaster

body weight and decreased their longevity and reproductive 

traits (Figure 3, Table 2), these effects were resulted due to 

elevated haemolymph glucose, trehalose and triglycerides levels 

triggering in inducing oxidative stress. Interestingly in the 

present study, most of these adverse effects were counteracted by 

concomitant ingestion of  leaf extract.Gymnema sylvestre

In  the principle sugar in circulation are glucose D. melanogaster

and trehalose. In the present study, the consumption of high 

sucrose diet elevated the haemolymph and whole body glucose 

and trehalose content and haemolymph triacylglycerols levels 

(Figure 4). This suggests that excess dietary consumption of 

sucrose shows toxic effects on glucose metabolism which 

resulted in elevated body weight and induces phenotype 

similar to type 2 DM via insulin signaling dysregulation 

(Morris et al., 2012) characteristics of type 2 DM. Our results 

confirm harmful effects of high sucrose diets on metabolic 

homeostasis in (Rufilson et al., 2002; Drosophila 

Musselman et al., 2011; Morris et al., 2012; Pasco et al., 

2012) .In the present study, fig-4 shows that leaf Gymnema 

extract along with 30% HSD was more efficient in 

normalizing the elevated level of glucose and 

triacylglycerols in  (Figure 4) suggesting D. melanogaster

that  is one of the potent medicinal plants Gymnema sylvestre

to treat the type 2 DM. 

Lifespan analysis has been performed to show differences 
between males and females in laboratory species such as C. 
elegans, D. melanogaster Mus musculus and (Austad and 
Fischer 2016). As evident from the survival curves, D. 
melanogaster used in the study has proved to be good model 
to study the gender difference in aging since females live 
longer than males. Results on survivability of Drosophila 
showed that there are gender differences in mortality rates 
exhibited with age which could be attributed to aging pattern 
in the sexes. Age-related mortality was positively correlated 
with endogenous ROS which was consistent with earlier 
studies showing inverse relationship between oxidative 
stress and lifespan (Ku et al., 1993; Sohal et al., 1995).

Studies have suggested that consumption of high sucrose 
diets always associated with the developmental of 
hyperglycemic state in the fly and it is responsible for 
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Nutrient 

condition 

Reproductive fitness parameters (mean±SE) (N=50; df=2,147) 

Number of main 

cells in accessory 

glands 

Main cell size in 

accessory gland (in 

mm) 

Accessory gland 

size(in cm2 )  

Quantity of Acps in 

µgm/pair of 

gland(unmated male) 

Quantity of Acps in 

µgm/pair of 

gland(mated male)  

Transferred 

quantity of Acps (in 

µgm/pair of gland) 

Copulation duration(in 

mins) 

Control 1546.6667±50.9435a .0066877±.0000128a .3395000±.0005788a 15.9750000±.0605411a 11.1181000±.0018688a 3.856667±.057771a 17.8506667±.05269939a 

30%HSD 1462.0000±39.5881b .0057867±.0000201b .3362667±.0008761b 14.4130667±.0004744b 12.0350000±.0242295b 3.574000±.133607b 10.1480000±.00272915a 

30%HSD+GS 1391.6667±2.71578c .0066807±.0000120c .3350667±.0006963b 15.8086667±.0459678c 11.1121000±.0002507b 4.079967±.075789c 10.6150000±.32186516b 

F-value 4.334 1122.052 9.936 382.020 1432.793 525.955 7.162 

 

Table 2B. Effect of  extract on reproductive fitness parameters in flies fed with 30% HSD (accessory gland Gymnema sylvestre

traits/sperm traits): [B] Sperm traits.

Table 2A. Effect of  extract on reproductive fitness parameters in flies fed with 30% HSD (accessory gland Gymnema sylvestre

traits/sperm traits): [A] Accessory gland parameters

Nutrient 

condition 

Sperm traits (N=50;df=2,147) 

Spermathechae Seminal receptacle Total sperm transferred Egg  Fertility 

Control 34.66±.439a 177.80±.787a 6354.80±16.137a 382.62±1.831a 251.36±1.421a 

30%HSD 18.24±.334b 95.50±.436b 3916.40±16.258b 164.04±1.231b 124.60±3.015b 

30%HSD+GS 23.60±.316c 110.56±.612c 4690.40±13.040c 272.90±1.847c 155.32±1.441c 

F-value 520.347 4868.742 6703.903 4328.906 994-802 
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triggering oxidative events (Ecker et al., 2017).Our study in D. 
melanogaster has also showed an increased level of oxidative 
stress marker enzymes (SOD and CAT) in the flies fed with 30% 
HSD thereby confirming hyperglycemic state which triggers 
oxidative stress in Fig-5). The toxic effects of D. melanogaster (
high sucrose diets caused hydrogen peroxide overproduction and 
mitochondrial viability loss. Further, the activity of antioxidant 
enzymes SOD and CAT are also varied in these groups (Figure 
5B, C). The variation in antioxidant enzymes SOD and CAT 
could be a compensatory response to the elevated levels of 
hydrogen peroxide in flies fed with 30% HSD. Our result 
confirms the work of Ecker et al. (2017) who while working in D. 
melanogaster have also found 30% HSD intake increased 
transcription of SOD and CAT. 

It was also noticed in the present study that flies fed with 30% 

HSD along with  leaf extract have Gymnema sylvestre

counteracted these effects and bringing down the level of SOD 

and CAT these results suggest that  reduced Gymnema sylvestre

oxidative damage in flies and restoring the levels of SOD and 

CAT (Fig-5 ) it is possible that the constituents of Gymnema 

sylvestre-gymnemic acid acting individually, additively and /or 

synergistically are responsible for beneficial effects of Gymnema 

sylvstre leaf extract .

Studies have shown that males of consists of two Drosophila 

accessory glands in their reproductive system which develop 

from the set of cells in the genital imaginal disc (Nothiger et al., 

1972) there are two morphologically distinct cell types in the 

accessory gland namely the main cells (96%) and secondary cells 

(4%). Main cells are known to involve in the production of 

accessory gland proteins. Chemically accessory gland proteins 

form a complex mixture of proteins that form a component of the 

seminal fluid (Chen, 1984). The number and size of the main 

cells were known to affect the quantity of Acps produced by 

males of . Both biotic and abiotic factors are D. melanogaster

known to affect the quantity of Acps produced (Santhosh et al., 

2013). These are transferred to females during copulation. In 

mated females; the secretion of accessory gland protein brings 

about physiological and behavioral changes in the female. This 

involves egg production increased ovulation rates and reduced 

sexual receptivity (Baldini et al., 2012; Heifetz et al., 2004; Ravi 

ram and Ramesh, 2007). It also assists in sperm storage (Ravi 

ram and Ramesh, 2007). Greater is the quantity of Acps greater 

will be the effect of these proteins on the above functions.

In the present study, an attempt has also been made to study 

whether or not  leaf extract treatment along Gymnema sylvestre

with HSD will attenuate the toxic effects of HSD on male 

reproductive traits in . Careful observation of D. melanogaster

table 2 revealed that male consumed with 30% HSD had smaller 

and less number of main cells in their accessory glands and 

secreted significantly less quantity of Acps when compared to 

males which consumed the normal diet. Further, it was also 

noticed that  leaf extract treatment along Gymnema sylvestre

with 30% HSD had shown an increased number of main 

cells in the accessory glands and also the size of the main 

cells in the accessory glands thereby these males produced a 

significantly greater quantity of Acps than those males 

which consumed 30% HSD alone. This suggests that the 

treatment of GS leaf extract along with HSD had attenuated 

the toxic effects of HSD on male accessory glands traits in 

D. melanogaster. This is the first study of this kind to study 

toxic effects of HSD on the male reproductive trait in D. 

melanogaster.

In the present study males fed with HSD had copulated 

lesser time and transferred significantly lesser quantity of 

Acps and sperms into the mated female than those males 

consumed normal diet (Table 2). However, males fed with 

HSD along with GS extract had transferred significantly 

greater quantity of Acps and sperms to mated females. In 

species of  duration of copulation varies Drosophila

between different species (Singh et al., 2004; Hirai et al., 

2004), between strains of the same species (Singh et al., 

2004). Factors such as size of the fly and age (Santhosh et 

al., 2013) were known to affect the duration of copulation. 

Longer the duration of copulation greater will be the 

transfer of the quantity of accessory gland proteins and 

sperms to unmated females (Santhosh et al., 2013). 

Nutrition also plays important role on copulation duration 

(Socha et al., 2004). In the present study males fed with 

30%, HSD had copulated lowest time than those flies fed 

with control diet this suggests that quantity of carbohydrate 

in the food had a significant influence on reproductive 

fitness of male fly. Further quantity of accessory gland 

proteins and sperm transferred to mated female was least 

when the female was mated. It was noticed that shorter the 

duration of copulation had transferred less quantity of 

accessory gland proteins and sperms to mated female 

compared to female mated with male fed with control diet. 

Therefore the present study confirms the effect of nutrition 

on copulation duration, fecundity, and fertility in sperms of 

Drosophila.

In the present study female mated with male fed with 30% 

HSD laid least number of eggs and less number of  

progenies obtained compared to female mated with male 

fed with the normal diet or GS extract along with 30% HSD 

fed males. This suggests that the toxic effect of HSD on 

fecundity and fertility had counteracted by male fly fed with 

GS leaf extract along with 30% HSD. Thus these studies in 

D. melanogaster suggests the protective role of GS leaf 

extract on type 2 DM phenotype, oxidative stress, and 

reproductive fitness. 

www.ajpp.in

Asian Journal of Pharmacy and Pharmacology 2019; 5(3):535-546                                             542



www.ajpp.in

Acknowledgments

The authors are grateful to the Chairperson, Department of 

Studies in Zoology, Manasagangotri, University of Mysore, 

Mysore and the Drosophila Stock Center, University of Mysore 

for providing facilities to carry out this work. Authors are highly 

grateful to reviewers and the editor for their useful comments to 

improve the quality of the manuscript.

Conflicts of interest

Authors do not have any conflict of interest regarding the 

publication of this manuscript.

References

Aebi H.1984. Catalase in vitro. Methods in enzymology, 
105:121-6. 

Ajit K, Choudhary BK, Bandyopadhyay NG. 2003.Comparative 
evaluation of hypoglycaemic activity of some Indian 
medicinal plants in alloxan diabetic rats. Journal of 
Ethnopharmacology, 84:105-108.

Altintas O, Park S, Lee SJ. 2016. The role of insulin/IGF-1 
signaling in the longevity of model invertebrates,  C. elegans
and . BMB reports, 49(2):81-92.D. melanogaster

Ashburner M. 1970. Patterns of puffing activity in the salivary 
gland chromosomes of Drosophila.V. Responses to 
environmental treatments. Chromosoma, 31: 356–76.

Austad SN, Fischer KE.2016. Sex Differences in Lifespan. Cell 
Metabolism  23(6):1022-1033.,

Baker KD, Thummel CS.2007. Diabetic larvae and obese flies-
emerging studies of metabolism in . Cell Drosophila
Metabolism, 6(4):257-66.

Baldini F, Gabrieli P, Rogers DW, Catteruccia F. 2012. Function 
and composition of male accessory gland secretions in 
Anopheles gambiae: a comparison with other insect vectors 
of infectious diseases. Pathogens and Global Health, 
106(2):82-93.

Barthel A, Schmoll D, Terry G, Unterman. 2005. FoxO proteins 
in insulin action and metabolism. Trends in Endocrinology & 
Metabolism, 16:183-189.

Beckingham KM, Armstrong D, Texada MJ, Munjaal R, Baker 
DA. 2005. : The model organism of Drosophila melanogaster
choice for the complex biology of multicellular organisms. 
Gravitational and Space Biology bulletin, 18 (2):17-29.

Bharucha. 2009. The epicurean fly: using Drosophila 
melanogaster   to study metabolism, Pediatric Research, 
65:132–137. 

Bone K. 2002. Gymnema: a key herb in the management of  
diabetes. (Phytotherapy Review & Commentary). Town send 
Letter for Doctors and patient  Academic One File, 28.,

Britton SJ, Wendy K, Lockwood, Ling Li, Stephen M, Cohen, 
Bruce A, Edgar. 2002. Drosophila's Insulin/PI3-Kinase 

Pathway Coordinates Cellular Metabolism with 
Nutritional Conditions. Developmental Cell, 2:239-249.

Chen PS.1984. The functional morphology and 
biochemistry of insect male accessory glands and their 
secretions. Annual Review of Entomology, 29: 233–255.

Coogan CM. 2013. Diagnosis and prevention of metabolic 
diseases in  Collection of Drosophila melanogaster.
Engaged Learning, 27.

Delcour J. 1969. A rapid and efficient method of egg 
collecting.  Information Service,  Drosophi la
44:133–134.

Ecker A, Gonzaga TKSDN, Seeger RL, Santos MMD, 
Loreto JS, Boligon AA, Meinerz DF, Lugokenski TH, 
Rocha JBTD, Barbosa NV. 2017. High-sucrose diet 
induces diabetic-like phenotypes and oxidative stress in 
Drosophila melanogaster Syzygium : Protective role of 
cumini Bauhinia forficate and . Biomedicine& 
Pharmacotherapy, 89:605-616. 

Eddouks M, Chattopadhyay D, Zeggwagh NA. 2012. 
Animal models as tools to investigate antidiabetic and 
a n t i - i n f l a mma to r y  p l a n t s .  E v id en c e- b as e d  
Complementary and Alternative Medicine: eCAM, 
142087.

Ephrussi B, Beadle GW. 1936. A technique of 
transplantation for . The American Naturalist, Drosophila
70(728): 218–225.

Fernandes AAH, Novelli  ELB, Okoshi K ,Okoshi MP, 
Muzio BPD, Guimaraes JFC, Junior AF. 2010. Influence 
of rutin treatment on biochemical alterations in 
e x p e r i m e n t a l  d i a b e t e s .  B i o m e d i c i n e  a n d  
Pharmacotherapy, 64:214–219. 

Frode TS, Medeiros YS. 2008. Animal models to test drugs 
with potential antidiabetic activity. Journal of 
Ethnopharmacology, 115:173-83. 

Hales  KG, Korey CA, Larracuente AM, Roberts, DM. 2015. 
Genetics on the Fly: A Primer on the Drosophila Model 
System. Genetics, 201(3):815-42.

Hardie DJ. 2012. Organismal Carbohydrate and Lipid 
Homeostasis Cold Spring Harbour Perspectives in 
Biology; 4(5):a006031.

Haselton A, Sharmin E, Schrader J, Sah M, Poon P, Fridell 
YW. 2010. Partial ablation of adult insulin-Drosophila 
producing neurons modulates glucose homeostasis and 
extends life span without insulin resistance. Cell Cycle, 
9(15):3063-71.

Haselton AT, Fridell YW .2010. Adult  Drosophila 
melanogaster as a model for the study of glucose 
homeostasis. Aging (Albany NY), 2(8):523–6. 

Heifetz Y, Lung O, Frongillo EA, Wolfner MF. 2000. The 

Asian Journal of Pharmacy and Pharmacology 2019; 5(3):535-546                                             543



Asian Journal of Pharmacy and Pharmacology 2019; 5(3):535-546                                             544

Drosophila seminal fluid protein Acp26Aa stimulates 
release of oocytes by the ovary. Current Biology, 10: 
99–102.

Hirai, Yoshiyuki, Sasaki, Hajime, Kimura T, Masahito.1999. 
Copulation Duration and Its Genetic Control in Drosophila 
elegans. Zoological Science, 16:211-214. 

Hunt JV, Wolff SP. 1991. Oxidative Glycation and Free Radical 
Production: A Causal Mechanism of Diabetic 
Complications. Free Radical Research Communications, 
12-13:115-23. 

Ibrahim A, Babandi A, Tijjani AA, Murtala Y, Yakasai HM., 
Shehu D, Babagana K, Umar I. A. 2017. In Vitro  
Antioxidant and Anti-Diabetic Potential of Gymnema 
Sylvestre Methanol Leaf Extract. European Scientific 
Journal, 13 :( 218-238).

Isaksson, Caroline, Sheldon, Ben. 2011. The Challenges of 
Integrating Oxidative Stress into Life-History Biology. Bio 
Science, 61:194-202. 

Kanetkar P, Singhal R, Kamat M. 2007. : A Gymnema sylvestre
Memoir  Journal of clinical biochemistry and nutrition, .
41(2):77-81.

Kang MH, Lee MS, Min, Choi MK, Min KS, Shibamoto T. 
2012. Hypoglycemic Activity of  Gymnema sylvestre
Extracts on Oxidative Stress and Antioxidant Status in 
Diabetic Rats. Journal of agricultural and food chemistry, 
60:2517-24. 

Karthikeyan M, Balasubramanian T, Kumar P. 2016. In-vivo 
Animal Models and In-vitro Techniques for Screening 
Antidiabetic Activity. Journal of Developing Drugs, 5:153. 

King AJ. 2012. The use of animal models in diabetes research. 
British Journal of Pharmacology, 166(3):877-94.

Kobori M, Masumoto S, Akimoto Y, Oike H. 2011. Chronic 
dietary intake of quercetin alleviates hepatic fat 
accumulation associated with consumption of a 
Western‐style diet in C57/BL6J mice. Molecular Nutrition 
and Food Research, 55(4): 530-540.

Ku H-H, Brunk UT, Sohal RS .1993. Relationship between 
mitochondrial superoxide and hydrogen peroxide 
production and longevity of mammalian species. Free 
Radical Biology and Medicine, 15:621–627.

LeBel P, Carl, Ischiropoulos, Harry, Bondy, Steve. 1992. 
Evaluation of the probe 2', 7'-dichloroflurescin as an indicator 
of reactive oxygen species formation and oxidative stress. 
Chemical Research in Toxicology, 5:227-31. 

Lewis KN, Andziak B, Yang T, Buffenstein R. 2013. The naked 
mole-rat response to oxidative stress: just deal with it. 
Antioxidant and Redox Signaling, 19(12):1388–1399.

Lobo V, Patil A, Phatak A, Chandra N .2010. Free radicals, 
antioxidants and functional foods: Impact on human health. 

Pharmacognosy Reviews, 4(8):118-26.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. 1951. 
Protein measurement with the Folin phenol reagent. 
Journal of Biological Chemistry, 193(1):265-275. 

Marklund S, Marklund G. 1974. Involvement of the 
superoxide anion radical in the autoxidation of pyrogallol 
and a convenient assay for superoxide dismutase. 
European Journal of Biochemistry, 47:469–474.

Matzkin LM, Johnson S, Paight C, Markow TA. 2013. 
Preadult parental diet affects offspring development and 
metabolism in . PloS one, Drosophila melanogaster
8(3):e59530.

Merkling T, Blanchard P, Chastel O, Glauser G, Vallat‐Michel 
A, Hatch SA, Danchin E, Helfenstein F. 2017. 
Reproductive effort and oxidative stress: effects of 
offspring sex and number on the physiological state of a 
long‐lived bird. Functional Ecology, 31: 1201-1209. 

Monsma SA, Harada HA, Wolfner MF. 1991. Synthesis of 
two male accessory proteins and their fate after transfer to 
the female during mating. Developmental biology, 
142:465-75. 

Mooza AO, Nora AH, Shah AK.2014. GC-MS analysis, 
determination of total phenolics, flavonoid content and 
free radical scavenging activities of various crude extracts 
of  (Forssk.) Fiori leaves. Asian Pacific Moringa peregrina
Journal of Tropical Biomedicine, 4(12).964-970.

Morris SN, Coogan C, Chamseddin K, Fernandez-Kim SO, 
Kolli S, Keller JN, Bauer JH. 2012. Development of diet-
induced insulin resistance in adult Drosophila 
melanogaster. Biochimica et Biophysica Acta, 
1822(8):1230-7.

Musselman P, Laura F, Jill L, Narzinski, Kirk, Ramachandran 
V , Prasanna, Hathiramani S, Sumitha, Cagan, Ross L, 
Baranski, Thomas J. 2011. A high-sugar diet produces 
obesity and insulin resistance in wild-type Drosophila. 
Disease Models & Mechanisms, 4 (6):842-849.

Oleh VL, Bohdana M, Rovenko, Dmytro V, Gospodaryov, 
Volodymyr IL. 2011.  larvae fed Drosophila melanogaster
by glucose and fructose demonstrate difference in 
oxidative stress markers and antioxidant enzymes of adult 
flies. Comparative Biochemistry and Physiology Part A: 
Molecular & Integrative Physiology, 160(1):27-34.

Ong C, Lanry Y, Lin-Y, Cai Y, Bay, Boon H, Baeg G. 2014. 
Drosophila melanogaster as a model organism to study 
nanotoxicity. Nanotoxicology, 9:1-8. 

Pasco MY, Leopold P. 2012. High sugar-induced insulin 
resistance in  relies on the lipocalin neural Drosophila
lazarillo. PLoS One, 7(5):e36583.

Persaud SJ, Al-Majed H, Raman A, Jones PM. 1999. 

www.ajpp.in



Asian Journal of Pharmacy and Pharmacology 2019; 5(3):535-546                                             545

Gymnema sylvestre stimulates insulin release in vitro by 
increased membrane permeability. The Journal of 
Endocrinology, 163 (2):207-12.

Ravi Ram K, Mariana F, Wolfner. 2007. Seminal influences: 
Drosophila Acps and the molecular interplay between  
males and females during reproduction. Integrative and 
Comparative Biology  47(3):427–445. ,

Romero-Haro AA, Sorci G, Alonso-Alvarez C. 2016. The 
oxidative cost of reproduction depends on early 
development oxidative stress and sex in a bird species. 
Proceedings. Biological Sciences, 283(1833):20160842.

Rulifson J, Eric, Kim K, Seung, Nusse R. 2002. Ablation of 
Insulin-Producing Neurons in Flies: Growth and Diabetic 
Phenotypes. Science (New York, N.Y.), 296: 1118-20. 

Salmon TB, Evert BA, Song B, Doetsch PW. 2004. Biological 
consequences of oxidative stress-induced DNA damage in 
Saccharomyces cerevisiae. Nucleic Acids Research, 
32(12):3712-23. 

Saneja A, Sharma, Chetan R, Aneja K, Rakesh P. 2009. 
Gymnema sylvestre (Gurmar): A Review. Der Pharmacia 
Lettre, 2(1): 275-284.

Santhosh HT, Krishna MS. 2013. Relationship between Male 
Age, Accessory Gland, Sperm Transferred, and Fitness 
Traits in . Journal of Insect Science, Drosophila bipectinata
13(159):1-14. 

Scott RC, Schuldiner O, Neufeld PT. 2004. Role and regulation 
of starvation- induced autophagy in the  fat Drosophila
body. Developmental Cell, 7:167–178. 

Shashank K, Abhay KP. 2013. Chemistry and Biological 
Activities of Flavonoids: An Overview. The Scientific 
World Journal, 162750.

Shokolenko I, Venediktova N, Bochkareva A, Wilson GL, 
Alexeyev MF. 2009. Oxidative stress induces degradation 
of mitochondrial DNA. Nucleic Acids Research, 
37(8):2539-48.

Singh S, Singh B. 2004. Female remating in : Drosophila
Comparison of duration of copulation between first and 
second matings in six species. Current Science  86(3): 465-,
470. 

Skorupa DA, Dervisefendic A, Zwiener J, Pletcher SD. 2008. 
Dietary composition specifies consumption, obesity, and 
lifespan in . Aging cell, 7(4):478-90.Drosophila melanogaster

Socha R, Zemek R. 2004. Mating behaviour and wing morph-
related differences in the sexual activity of a flightless bug, 
Pyrrhocoris apterus (L.) (Heteroptera) Ethology Ecology 
& Evolution, 16(3): 217-229.

Sohal RS, Sohal BH, Orr WC. 1995. Mitochondrial superoxide 
and hydrogen peroxide generation, protein oxidative 
damage, and longevity in different species of flies. Free 

Radical Biology Medicine, 19:499–504.

Stoecklin W. 1969. Chemistry and physiological properties 
of Gymnemic acid, the antisaccharine principle of the 
leaves of Journal of Agriculture and Gymnema sylvestre. 
Food Chemistry, 17(4):704-708.

Sykiotis GP, Bohmann D. 2008. Keap1/Nrf2 signaling 
regulates oxidative stress tolerance and lifespan in 
Drosophila. Developmental Cell, 14(1):76–85.

Tao R, Wei D, Gao H , Liu Y, De Pinho RA, Dong XC. 2011. 
Hepatic FoxOs regulate lipid metabolism via modulation 
of expression of the nicotinamide phosphoribosyl 
transferase gene. The Journal of Biological Chemistry, 
286(16):14681-90.

Teleman AA, , . 2005.  melted Chen YW Cohen SM Drosophila
modulates FOXO and TOR activity. Developmental Cell, 
9(2):271–281.

Thakur G, Sharma R, Sanodiya BS, Pandey M, Prasad 
GBKS, Bisen SP. 2012. : An Gymnema sylvestre
Alternative Therapeutic Agent for Management of 
Diabetes. Journal of Applied Pharmaceutical Science, 
2:001-006. 

Therond P. 2006. Oxidative stress and damages to 
biomolecules (lipids, proteins, DNA). Annales 
Pharmaceutiques Francaises, 64(6):383-9.

Vinayagam R, Xu B. 2015. Antidiabetic properties of dietary 
flavonoids: a cellular mechanism review. Nutrition & 
Metabolism, 12:60. 

Wolf MJ, Rockman HA. 2008.  as a Drosophila melanogaster
model system for genetics of postnatal cardiac function. 
Drug discovery today. Disease models, 5(3):117-123.

Yim MB, Yim H, Lee C, Kang S, Chock PB. 2001. Protein  

Glycation. Annals of the New York Academy of Sciences, 

928: 48-53. 

Yoshikawa K, Arihara S, Matsuura K, Miyaset T. 1992. 

Dammarane saponins from . Gymnema sylvestre

Phytochemistry, 31:237-241. 

Yoshikawa K, Nakagawa M, Yamamoto R, Arihara S, 

Matsuura K. 1992.  Antisweet natural products. IX. 

Structures of gymnemic acids XV-XVIII from Gymnema 

sylvestre R. Br. V. Chemical & Pharmaceutical Bulletin, 

40:1779-1782. 

Yue W, Adam B, Salmon, Lawrence G, Harshman. 2001.  A 

cost of reproduction: oxidative stress susceptibility is 

associated with increased egg production in Drosophila 

melanogaster. Experimental Gerontology, 36(8): 1349-

1359.

Zhou MS, Wang A, Yu  H. 2014. Link between insulin 

resistance and hypertension: What is the evidence from 

www.ajpp.in



Asian Journal of Pharmacy and Pharmacology 2019; 5(3):535-546                                             546

evolutionary biology? Diabetology & Metabolic 

Syndrome, 6(1):12. 

Zhuo M, Weizhen Z. 2018. Role of mTOR in Glucose and 

Lipid Metabolism. International Journal of Molecular 

Sciences, 19 (7):2043. 

www.ajpp.in


