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Abstract

Environmental changes can decrease fitness which is generally called stress. Nutritional variation also causes stress and
influences the fitness, survival and evolutionary approach of organisms. In the present study, flies of Drosophila melanogaster
obtained from Non-Nutritive sweeteners aspartame and sucralose, Nutritive sweetener sucrose and control media have been
subjected for physiological stresses such as desiccation resistance, chill-coma recovery, heat-shock resistance and starvation
resistance. Results reveal that Non-Nutritive Sweeteners have the least resistance to stress when compared to nutritive
sweetener sucrose and control flies. Aspartame treated flies had the least resistance to desiccation and recovery from cold
treatment and had the highest mortality rate in starvation resistance when compared with Sucralose, nutritive sweetener
sucrose and control. However, Aspartame treated flies recovered soon when subjected to heat-shock resistance. Thus, our
findings add to the evidence that adult flies treated with non-nutritive sweeteners have a significant impact on the ability to
resist stress, and that the type of stress affects the altered nutritional composition in flies.
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Introduction

Many species survival, growth, and reproduction are
affected by the lack of nutrient availability. Most animals
are exposed to times of acute food scarcity, and as a result,
stress-enhancing adaptations are expected to evolve over the
period. The interaction between nutrition and environment
is predominant for stress and behavioral changes of an
organism. Stress is referred to as any environmental
condition that triggers the fitness of the organisms (Rion and
Kawecki, 2007) [%1. Starvation from food deprivation and
malnourishment from nutrient imbalance or depletion are
examples of nutritional stress. Fluctuations in food
availability or composition, oxygen levels and temperature
activate chemical processes that allow an organism to
exist, adapt and reproduce. Non-Nutritive Sweeteners
(NNS) are getting prominence as dietary assessment which
helps in fighting against obesity and diabetes mellitus by
providing a sweet flavor without the additional calories
(Siervo et al., 2014) 9],

Dietary restriction or mild starvation can improve longevity
and stress tolerance, revealing the complexity of organismal
nutrition intake and utilization (Kapahi et al., 2017; Sisodia
and Singh, 2012) 24 43 Ectotherm’s physiology is highly
influenced by their surrounding’s temperature. Extreme
temperatures can be lethal, but even moderate temperatures
have an impact on performance and, ultimately, Darwinian
fitness (Huey and Berrigan, 2001; Martin and Huey, 2008;
Savage et al., 2004) [20. 30. 381 Research has revealed that
reptiles (lizards) thermoregulatory behavior influences
habitat choice, behavioral activity patterns, and
physiological performance and survival in the field (Heath,
1965; Porter et al., 1973; Huey, 1991; Bartholomew, 1964;
Hue); and Stevenson, 1979; Christian and Tracy, 1981) [16.34
5,219

Recent research has revealed that various species respond to
stress in different ways (Yaribeygi et al., 2017) B3, In
general, starvation resistance is associated with a long
lifespan, slow development, low egg production, and big

body size. Insight into the mechanism of evolution in the
laboratory (Rion and Kawecki, 2007) B, and natural
populations can be achieved by studying the evolution of
starvation resistance in the lab. A study found that treating
D.melanogaster a sucrose-rich diet increased stress and
starvation resistance, indicating that food composition may
influence stress responses (Liersen et al., 2019) [,
Physiological and behavioral responses have assisted model
organisms in adapting to and surviving under an expansive
range of humidity (Matzkin et al., 2007; Sejian et al., 2018)
[3%. 391 oxygen concentration (Romero et al., 2007) [,
temperature (Bochdanovits and de Jong, 2003; Trotta et al.,
2006) [6-51 and food availability (Kolss et al., 2008) [6,
Desiccation resistance is the ability to withstand water loss
in dry or drought conditions. Laboratory selection studies
for desiccation show that rates of water loss in D.
melanogaster are strongly related to resistance (Gibbs and
Markow, 2001) 4, Desiccation and starvation resistance in
Drosophila are two stress-resistant components for which
there is significant evidence of genetic variation between
wild populations (Hoffmann and Harshman, 1999) [,
When compared to tropical populations, temperate
populations have a higher level of resistance and desiccation
but in the case of starvation resistance, the pattern is
reversed.

Ectothermic insects give a better understanding of several
factors of thermal biology. for example, Heat and cold
tolerance have been extensively studied in Drosophila
melanogaster. Drosophila larvae are sensitive in detecting
high temperatures (=39 °C) in both the central nervous
system and heavily arborized peripheral neurons beneath the
epidermis, according to anatomical observations. (Tracey et
al., 2003) 9. Drosophila adults, like larvae, have distinct
sensors for discretely cold and warm temperatures. The
basis of adult cold sensing is undefined at the molecular
level. (Barbagallo and Garrity, 2015) [,

Chill-coma is like a narcosis condition caused by cold
temperatures in several animals. According to Gibert et al.,
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2001, Drosophila species living in more tropical climates
are less resistant to cold temperatures than those living in
temperate climates. Hoffmann et al., 2002 [*°1 have reported
increased resistance to cold with high-latitude populations
of Drosophila melanogaster on the eastern coast of
Australia. This geographical clinal variation gives indirect
evidence of affirmation for thermal adaptation within a
species (Sisodia and Singh, 2010) 41,

On this subject, Drosophila melanogaster is a good modal
organism since it can be raised in the lab, have short
generation periods, and are genetically and developmentally
well characterized. Drosophila's global spread is based on
its ability to adapt to a wvariety of environmental
circumstances (Stephan and Li, 2007) €1, The physiological
ecology and variation in stress resistance assess the
physiological adjustments and changes in energy allocation
when given different diet regimes. Nutrition has been a
significant focus in research of environmental variables that
impact stress-induced acquired and heritable characteristics
due to the ease with the diet of the fly which can be altered
in the laboratory (Rion and Kawecki, 2007) 51,

Despite the increasing usage of NNS, metabolic diseases
like obesity and type 2 diabetes continue to be at a high rate
over the past decades (Hales et al., 2017) 4. In rats,
sucrose-nutritive and NNS consumption has been related to
a down regulation of corticotropin-releasing factor (CRF)
expression in the brain which leads to metabolic effects of
Nutritive sweeteners (Ulrich-Lai et al., 2007) %, A study
recently reported that young mice who habitually consumed
oral sucralose directly after weaning had a heightened
preference for sweetened water and increased weight gain at
approximately 15 weeks of life (Rosales-Gomez et al.,
2018) B, The effects of nutritive and non-nutritive
sweeteners in D. melanogaster on environmental stress
responses remain unknown.

Materials and Methods

Experimental stock

The experimental collection of D. melanogaster was
obtained from the Drosophila Stock Centre in Manasa
gangotri, Mysuru. The flies were developed in different
cultured bottles using wheat cream agar medium (100 g of
jaggery, 100 g of wheat powder, 8 g of Agar- Agar was
boiled in 1000 ml of double-distilled water and 7.5 ml of
propionic acid was added at last). In a 12-hour dark, 12-hour
light cycle, twenty flies (10 males and 10 females) were
introduced into culture bottles at a temperature of 22+1°C
with a relative humidity of 70%. This procedure was carried
out for three generations to acclimatize flies to lab
conditions. In the fourth generation, eggs were collected
from these flies using Delcour’s procedure (1969). 100 eggs
were seeded to each culture bottle containing control,
nutritive sweetener sucrose and NNS aspartame and
sucralose media (Treated media). The NNS doses for
aspartame and sucralose and nutritive sweetener Sucrose
were set at 20mM, 80mM, and 120mM, respectively, for the
study (Krishna et al., 2021) 4. The flies obtained from these
control and treated media were used for the present
experiments.

Desiccation resistance

Desiccation resistance was studied on 4-5 days old virgin
flies, and up to 10 flies of each treated media were
evaluated. To measure resistance, flies from each vial were
transferred to a new vial containing a disc of dry filter paper
and covered with muslin gauze cloth secured with an elastic

www.entomologyjournals.com

band. Desiccation vials were kept at 25°C under constant
light and were observed for the number of dead flies seven
hours after the flies were originally transferred and then at
half-hourly intervals until all the flies had died. Five
replicates were carried out. The method of Kennington et al,
(2001) 1 was used to measure desiccation resistance.

Starvation resistance

Starvation resistance was evaluated on 4-5 days old virgin
flies, and up to 10 flies were measured of each treatment
medium, similar to desiccation resistance. To measure
starvation resistance, flies from each vial were transferred to
a new vial containing 7 ml of 1% agar and plugged with
cotton to prevent desiccation. The number of dead flies in
starvation vials was recorded 40 hours after the flies were
transferred, and subsequently at 6-hourly intervals until all
of the flies had deceased. A total of five replicates were
conducted for the experiment.

Recovery time (RT) from cold treatment

Flies obtained as above were aged for 5 days before being
transferred into empty glass vials and maintained at 5° C.
For this experiment, 50 flies were transferred separately into
each control and treated media. The duration of cold
treatment was 16 h. Adults were placed in a Petri dish at
room temperature to measure recovery time. Initially, the
flies were in a chilled coma and unable to move.
Transferring to room temperature allows for a gradual
recovery, beginning with the ability to move the tarsi, then
the legs, and finally to stand up. We recognized a fly
recovered from a chill coma when it could stand on its legs,
the fly was then collected from the Petri dish, and the time
changed from the initial noted as an estimate of Recovery
Time (RT). The mean RT for each group was measured and
used as a basic observation. Ayrinhac et al, (2004) [
procedure was followed for this experiment.

Heat shock survival

In an empty food vial, flies obtained as above were heat-
shocked. The stoppers were moistened with tap water to
avoid desiccation. In incubators, the vials were evenly
distributed in racks. One group was heated for 1 hour at
37°C, followed by 1 hour at 25°C to allow the flies to
recover before being heat-shocked for 1 hour at 40°C. The
other group was exposed directly to a temperature of 40°C
for 1 hour. Five vials containing ten flies of each treated
media were used. After the heat shock, the flies were
transferred to fresh food vials and allowed to recover for 24
hours at a temperature of 25 ° C before being observed for
survival (ability to walk).

Results and Discussion
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Fig 1: Effect of Nutritive and Non-Nutritive Sweeteners on cold
resistance in adult flies of D. melanogaster. Different letters on the
bar graph indicate significance at 0.05 level by Tukey’s Post Hoc
test.
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Fig 2: Effect of Nutritive and Non-Nutritive Sweeteners on
desiccation resistance in adult flies of D. melanogaster. Different
letters on the bar graph indicate significance at 0.05 level by
Tukey’s Post Hoc test.
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Fig 3: Effect of Nutritive and Non-Nutritive Sweeteners on heat-
shock resistance in adult flies of D. melanogaster. Different letters
on the bar graph indicate significance at 0.05 level by Tukey’s Post

Hoc test.
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Fig 4: Effect of Nutritive and Non-Nutritive Sweeteners on
starvation resistance in adult flies of D. melanogaster. Different
letters on the bar graph indicate significance at 0.05 level by
Tukey’s Post Hoc test.

Results and Discussion

Recent developments in environmental stress and fitness
show remarkable progress have been achieved in
evolutionary biology as well as advances in molecular and
physiological mechanisms. To induce plastic adaptive
responses, animals, including Drosophila, can recognize and
utilize their nutritional situation (Tatar et al., 2003;
Partridge et al., 2005) 8 331, The carbohydrate-protein ratio
may be altered by changing the components of the fly diet
(Bruce et al., 2013) 1. Changing the nutrients in flies can
cause a variety of reactions, making it difficult to identify
particular nutritional changes linked to adaptive responses
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(Lee et al., 2007) 7. In an ecological, evolutionary, and
physiological context. In the present study, at varying
concentrations in different types of NNS media, the results
provide a different perspective on NNS.

Desiccation resistance

Flies are more susceptible to dehydration than humans
(desiccation). In this study, adult flies have been used for
desiccation resistance in laboratory-reared populations.
Here, desiccation resistance is quantified as the time until
death under the condition. In the present study, Desiccation
resistance affected flies significantly by different nutritional
diets. Flies treated with sucrose have higher desiccation
resistance than flies treated with aspartame and sucralose.
Mortality differed significantly among NNS and Nutritive
media treated flies. Aspartame treated flies showed the least
desiccation resistance when compared to sucralose, sucrose
and control. The desiccation resistance data subjected to
One-way ANOVA followed by Tukey’s post-hoc test
confirmed that desiccation resistance varied significantly
between control and treated media. Tukey's post hoc test
revealed that desiccation resistance had a significant
difference between treated media. The tolerance to
desiccation was highest in sucrose than in NNS. The fat
body of the Drosophila acts as both the adipose tissue and
the liver of the fly. When the fly is treated with sucrose-
based media, this tissue specializes in fat storage and
metabolism, and its lipid content increases. Carbohydrates
also serve as the primary source of energy in adult flies
during desiccation stress (Marron et al., 2003) [?°1, Increased
accumulation of carbohydrates during larval feeding could
result in enhanced desiccation resistance of the newly
eclosed fly. Hence, our results agree with other research
done by Parkash et al., (2008) B4 showing a positive
correlation between lipid accumulation and desiccation
resistance. A research study by Hoffman and Harshman,
1999 71 has reported the strong connection between
desiccation and starvation resistance considering the
positive effect of increased carbohydrate storage. Among
NNS, aspartame has least resistance to desiccation. This is
because aspartame's components (phenylalanine and
aspartic acid) have important functions in neurotransmitter
modulation and excitatory neurotransmitter production in
the central nervous system. Methanol, the other component
of aspartame, and its metabolites produce a variety of toxic
derivatives (Fahira reshman et al., 2015) [*4. Desiccation
induced gene expression alterations have been demonstrated
in various studies, however, the mechanisms behind these
changes remain unknown.

Starvation resistance

Selection experiments are a good approach to learn more
about physiological traits like starvation resistance. A study
reviewed that starvation is correlated with an increase in
larval development time, higher adult lipid content and
larger adult body size in D. melanogaster (Harshmann and
Harshman, 1999) [7. The Starvation resistance was
observed high in flies treated with nutritive sweetener
(sucrose) than flies treated with NNS treated media.
Mortality varied substantially among NNS. Flies treated
with aspartame showed high mortality during starvation
resistance when compared to sucralose, sucrose and control.
The starvation resistance data subjected to One-way
ANOVA followed by Tukey’s post-hoc test confirmed that
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starvation resistance varied significantly between control
and treated media. Tukey's post hoc test revealed that
starvation resistance had a significant difference between
treated media.

In the present study, starvation resistance is measured as the
time till death under the condition. It is found that starvation
resistance was highest in sucrose and sucralose treated flies
when compared with aspartame treated flies. Control flies
showed equal response to starvation resistance as sucrose
treated flies. This shows that NNS showed the least
resistance to starvation when compared to nutritive
sweetener sucrose. Since nutritive sweeteners (Sucrose)
contain some calories and break down into glucose when
starved. The sucrose treated flies contain Drosophila fat
body (FB) which stores excess energy in the form of
triglycerides, similar to white adipose tissue in mammals,
and it is involved in metabolism, glycogen storage, and
nutrient sensing, similar to the mammalian liver
(Wigglesworth, 1949) 4. NNS has zero or low calories,
which means fewer triglycerides in the body that results in
early starvation and death of the flies. However, Starvation
resistance is said to be reduced with prolonged dietary
restriction in flies and Chandegra et al., 2017 ] observed
that Drosophila melanogaster flies raised on a sucrose-rich
diet were more resistant to starvation, confirming our results
that diet composition can impact stress response. In NNS,
due to calorie restriction, decreased metabolic rate seems to
be part of the plastic response to starvation (Partridge et al.,
2005) 81, There is also some evidence suggesting a genetic
correlation between starvation resistance and oxidative
stress resistance (Harshman et al., 1999) [7]. Understanding
the ecological significance of starvation resistance in
drosophila has made little progress. The natural selection of
starvation resistance remains unclear, and the extent to
which population variations in starvation resistance are
likely to have contributed to natural starvation resistance
selection have to be progressed.

Recovery time (RT) from cold treatment

There are some possible physiological explanations behind
cold treatment recovery when flies are treated with
nutritive and non-nutritive sweeteners. The general aim
behind nutritive and NNS-fed flies is that nutritive
sweetener-treated flies consume a carbohydrate-rich diet,
and carbohydrate has been shown to increase fat storage in
flies (Mayntz et al., 2005) [*21, Literature review on previous
studies has recognized a positive connection between cold
temperature resistance and lipid content in Drosophila flies,
starvation resistance and desiccation stress (Hoffman et al.,
2001; Ballard et al., 2008; Parkash et al., 2008) [ 3 34,
Thus, it is logical to assume that the flies treated with
nutritive sweeteners recover faster from cold treatment due
to high-calorie deposits. Recovery time of the flies from
cold resistance was substantially affected by flies treated
with the NNS diet. Flies treated with aspartame recovered
more slowly than flies treated with control, sucralose and
nutritive sweetener (Sucrose). The cold resistance data
subjected to One-way ANOVA followed by Tukey’s post-
hoc test confirmed that recovery time varied significantly
between control and treated media. Tukey's post hoc test
revealed that resistance to cold varied significantly between
treated media. Our experimental result also strengthens the
earlier studies proving that nutritive sweetener (Sucrose)
treated flies recovered faster than NNS (Aspartame and
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Sucralose). Among NNS, aspartame treated flies had the
least recovery time than sucralose treated flies. Aspartame is
made up oftwo amino acids, aspartic acid and
phenylalanine which might serve as a complicated energy
source to metabolize when compared to nutritive sweetener
sucrose control flies. This is because metabolizing amino
acids need more complex catabolic processes (Singh et al.,
2017) 431,

Heat shock survival

NNS has a substantial impact on heat shock resistance. The
result showed that Flies treated with aspartame have fast
recovery from heat shock than flies treated with sucrose and
sucralose. Among NNS, sucralose has the least resistance to
heat shock when compared with aspartame and control. The
heat shock resistance data subjected to One-way ANOVA
followed by Tukey’s post-hoc test confirmed that heat shock
resistance varied significantly between control, nutritive and
NNS media. Tukey's post hoc test revealed that heat shock
resistance had a significant difference between treated
media. Our findings revealed that flies treated with
aspartame was the highest in resistance to heat than flies
treated with sucralose, nutritive sweetener sucrose treated
flies and control flies. Flies treated with protein media
(Aspartame) recover from heat shock faster than those
treated with carbohydrate-rich medium (Sucrose). Though
the physiological reason for the enhanced resistance to heat
shock in aspartame-treated flies is unknown, one hypothesis
is that it may be connected to the activity of heat shock
proteins, which are known to interact with a variety of
stressors (Sorenson et al., 2003; Jones and Candido, 1999;
Sinclair et al., 2007; Tammariello et al., 1999) [46. 23, 42, 48],
The earlier study suggests that Hsp70 is upregulated in flies
treated with protein-rich media. Further studies are required
for proving the hypothesis.

Conclusion

The present study in D. melanogaster reveals that NNS diet
regimes significantly reduce resistance in desiccation,
starvation, cold treatment and heat shock survival stresses
suggesting that NNS affects fitness in D. melanogaster. In
the future, much more research on diet quality and their
relation to genetic stress and trans generational effects in
Drosophila species will be helpful in large interest.

Acknowledgments

The authors are thankful to the SC/ST Cell, University of
Mysore, Mysore for supporting financially. We also thank
the Chairperson, Department of Zoology, Drosophila Stock
Center and Stress Biology Lab, Department of Zoology,
University of Mysore, Mysuru, Karnataka, for providing
facilities to carry out the above work.

Conflict of Interest
The authors report no conflict of interests.

References

1. Amrutha MR, Krishna MS. Effects of non-nutritive
sweeteners on survival and mating success in
Drosophila melanogaster. J Adv Sci
Res,2021:12(3):216-225.

2. Ayrinhac A, Debat V, Gibert P, Kister AG, Legout H,
Moreteau B et al. Cold adaptation in geographical
populations of Drosophila melanogaster: phenotypic

81



International Journal of Entomology Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

plasticity is more important than genetic variability.
Funct Ecol,2004:18:700-706.

Ballard JWO, Melvin R, Simpson SJ. Starvation
resistance is positively correlated with body lipid
proportion in five wild caught Drosophila simulans
populations. J Insect Physiol,2008:54:1371-1376.
Barbagallo B, Garrity PA. Temperature sensation in
Drosophila. Curr Opin Neurobiol,2015:34:8-13.
Bartholomew GA. The roles of physiology and
behaviour in the maintenance of homeostasis in the
desert environment. Symposium for the Society of
Experimental Biology,1964:18:7-29.

Bochdanovits Z, De Jong G. Temperature dependent
larval resource allocation shaping adult body size in
Drosophila melanogaster. J Evol Biol,2003:16(6):1159-
67.

Bruce KD, Hoxha S, Carvalho GB, Yamada R, Wang
HD, Karayan P et al. High carbohydrate-low protein
consumption maximizes Drosophila lifespan. Exp
Gerontol,2013:48(10):1129-35.

Chandegra B, Tang JLY, Chi H, Alic N. Sexually
dimorphic effects of dietary sugar on lifespan, feeding
and starvation resistance in Drosophila. Aging (Albany
NY),2017:9(12):2521-2528.

Christian KA, Tracy CR. The effect of the thermal
environment on the ability of hatchling galapagos land
iguanas to avoid predation during dispersal.
Oecologia,1981:49(2):218-223.

Delcour J. Drosoph Inform Serv,1969:44:133-134.
Evolution,2001:55:1063-1068.

Fahira Reshman R, Sumitha, Deepa Parvathi V. In-
Vivo Toxicity Assessment of Aspartame in Drosophila
melanogaster and Danio rerio. Indian Journal of
Science and Technology,2015:8(34):1-7.

Gibbs AG, Markow TA. Effects of age on water
balance in Drosophila species. Physiol Biochem
Zool,2001:74(4):520-30.

Gibert P, Moreteau B, Pétavy G, Karan D, David JR.
Chill-Coma tolerance, a major climatic adaptation
among Drosophila species. Evolution,2001:55(5):1063-
8.

Hales CM, Carroll MD, Fryar CD, Ogden CL.
Prevalence of Obesity Among Adults and Youth:
United States, 2015-2016. NCHS Data
Brief,2017:(288):1-8.

Harshman LG, Moore KM, Sty MA, Magwire MM.
Stress resistance and longevity in selected lines
of Drosophila melanogaster. Neurobiol.
Aging,1999a:20:521-529.

Heath J. Temperature regulation and diurnal activity in
horned lizards. University of California Publications in
Zoology,1965:64(3):97-136.

Hoffmann A, Harshman L. Desiccation and starvation
resistance in Drosophila: patterns of variation at the
species, population and in trapopulation
levels. Heredity,1999:83:637-643.

Hoffmann AA, Hallas R, Sinclair C, Mitrovski P.
Levels of variation in stress resistance in Drosophila
among strains, local populations, and geographic
regions: patterns for desiccation, starvation, cold
resistance, and associated traits.
Evolution,2001:55:1621-1630.

Hoffmann AA, Anderson A, Hallas R. Opposing clines
for high and low temperature resistance in Drosophila

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

www.entomologyjournals.com

melanogaster. Ecol Lett,2002:5:614-618.

Huey RB, Berrigan D. Temperature, demography, and
ectotherm fitness. Am Nat,2001:158(2):204-10.

Huey RB, Stevenson RD. Integrating thermal
physiology and ecology of ectotherms: a discussion of
approaches. American Zoologist,1979:19:357-366.
Huey RB. Physiological consequences of habitat
selection. The American Naturalist,1991:137:S91-S115.
Jones D, Candido EPM. Feeding is inhibited by
sublethal concentrations of toxicants and by heat stress
in the nematode Caenorhabditis elegans: relationship to
the cellular stress response. J Exp Z00l1,1999:284:147-
157.

Kapahi P, Kaeberlein M, Hansen M. Dietary restriction
and lifespan: Lessons from invertebrate models. Ageing
Res Rev,2017:39:3-14.

Kennington WJ, Gilchrist AS, Goldstein DB, Partridge
L. The genetic bases of diversion in desiccation and
starvation resistance among tropical and temperate
populations of Drosophila melanogaster.
Heredity,2001:87:363-372.

Kolss M, Kawecki TJ. Reduced learning ability as a
consequence of evolutionary adaptation to nutritional
stress in Drosophila melanogaster. Ecol
Entomol,2008:33:583-588.

Lee KP. The interactive effects of protein quality and
macro nutrient imbalance on nutrient balancing in an

insect  herbivore.  Journal of  Experimental
Biology,2007:210:3236-3244.
Liersen K, Rdder T, Rimbach G. Drosophila

melanogaster in nutrition research-the importance of
standardizing experimental diets. Genes
Nutr,2019:14:3.

Marron MT, Markow TA, Kain KJ, Gibbs AG. Effects
of starvation and desiccation on energy metabolism in
desert and  mesic  Drosophila. J Insect
Physiol,2003:49(3):261-70.

Martin TL, Huey RB. Why "suboptimal™ is optimal:
Jensen's inequality and ectotherm thermal preferences.
Am Nat,2008:171(3):E102-18.

Matzkin LM, Watts TD, Markow TA. Desiccation
resistance in four Drosophila species: sex and
population effects. Fly (Austin),2007:1(5):268-73.
Mayntz D, Raubenheimer D, Salomon M, Toft S,
Simpson SJ. Nutrient-specific foraging in invertebrate
predators. Science,2005:307(5706):111-3.

Partridge L, Piper MD, Mair W. Dietary restriction in
Drosophila. Mech Ageing Dev,2005:126(9):938-50.
Parkash R, Kalra B, Sharma V. Changes in cuticular
lipids, water loss and desiccation resistance in a tropical
drosophlid: analysis of variation between and within
populations. Fly,2008:2:189-197.

Porter W, Mitchell J, Beckman W, DeWitt C.
Behavioral implications of mechanistic
ecology. Oecologia,1973:13(1):1-54.

Rion S, Kawecki TJ. Evolutionary biology of starvation
resistance: what we have learned from Drosophila. J
Evol Biol,2007:20(5):1655-64.

Romero-Pozuelo J, Dason JS, Atwood HL, Ferrus A.
Chronic and acute alterations in the functional levels of
Frequenins 1 and 2 reveal their roles in synaptic
transmission and axon terminal morphology. Europ. J.
Neurosci,2007:26(9):2428-2443.

82



International Journal of Entomology Research

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Rosales-Gomez CA, Martinez-Carrillo BE, Reséndiz-
Albor AA, Ramirez-Durdn N, Valdés-Ramos R,
Mondragon-Velasquez T et al. Chronic Consumption of
Sweeteners and Its Effect on Glycaemia, Cytokines,
Hormones, and Lymphocytes of GALT in CD1 Mice.
Biomed Res Int,2018:24:1345282.

Savage VM, Gilloly JF, Brown JH, Charnov EL.
Effects of body size and temperature on population
growth. Am Nat,2004:163(3):429-41.

Sejian V, Bhatta R, Gaughan JB, Dunshea FR, Lacetera
N. Review: Adaptation of animals to heat stress.
Animal.2018:12(s2):5431-s444.

Siervo M, Montagnese C, Mathers JC, Soroka KR,
Stephan BC, Wells JC. Sugar consumption and global
prevalence of obesity and hypertension: An ecological
analysis. Public Health Nutr,2014:17:587-596.

Sinclair BJ, Gibbs AG, Roberts SP. Gene transcription
during exposure to and recovery from, cold and
desiccation stress in Drosophila melanogaster. Insect
Mol Biol,2007:16:435-443.

Singh R, Kumar M, Mittal A, Mehta PK. Microbial
metabolites in nutrition, healthcare and agriculture.
Biotech,2017:3:7(1):15.

Sisodia S, Singh BN. Experimental Evidence for
Nutrition Regulated Stress Resistance in Drosophila
ananassae. PLoS ONE,2012:7(10):e46131.

Sisodia S, Singh BN. Resistance to environmental
stress in Drosophila ananassae: latitudinal variation and
adaptation among populations. J Evol Biol,2010:23:
1979-1988.

Sgrensen JG, Kristensen TN, Loeschcke V. The
evolutionary and ecological role of heat shock proteins.
Ecol Lett,2003:6:1025-1037.

Stephan W, Li H. The recent demographic and adaptive
history of Drosophila melanogaster.
Heredity,2007:98:65-68.

Tammariello SP, Rinehart JP, Denlinger DL.
Desiccation elicits heat shock protein transcription in
the flesh fly, Sarcophaga crassipalpis, but does not
enhance tolerance to high or low temperatures. J Insect
Physiol,1999:45:933-938.

Tatar M, Bartke A, Antebi A. The endocrine regulation
of aging by insulin-like signals.
Science,2003:299(5611):1346-51.

Tracey WD, Jr Wilson RI, Laurent G, Benzer
S.painless, a Drosophila gene essential for
nociception. Cell,2003:113:261-273.

Ulrich-Lai YM, Ostrander MM, Thomas IM, Packard
BA, Furay AR, Dolgas CM et al. Daily limited access
to sweetened drink attenuates hypothalamic-pituitary-
adrenocortical axis stress responses.
Endocrinology,2007:148(4):1823-34.

Trotta V, Calboli FC, Ziosi M, Guerra D, Pezzoli MC,
David JR et al. Thermal plasticity in Drosophila
melanogaster: a comparison of geographic populations.
BMC Evol Biol,2006:6:67.

Vincenzo Trotta, Federico CF  Calboli, Marcello
Ziosi, Daniela Guerra, Maria C Pezzoli, Jean R David
et al. Thermal plasticity in Drosophila melanogaster: A
comparison of geographic populations. BMC Evol
Biol,2006:6:67.

Wigglesworth VB. The utilization of reserve substances
in Drosophila during flight. J Exp Biol,1949:26(2):150-
63.

www.entomologyjournals.com

55. Yaribeygi H, Panahi Y, Sahraei H, Johnston TP,
Sahebkar A. The impact of stress on body function: A

review. EXCLI J,2017:16:1057-1072.

83



