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HIGH CONSUMPTION OF LARD AND FRUCTOSE
MODULATES LARVAL PUPATION AND STRESS RESISTANCE
IN DROSOPHILA MELANOGASTER ADULTS

VIKTORIA HURZA, NATALIA BUTENKO, OLEH DEMIANCHUK, VITALII BALATSKIY,
VITALII DERKACHOW, MARIA LYLYK

Abstract. Obesity and metabolic syndrome are becoming the number one health problem in
modern society. Unhealthy diet with sedentary life style are considered to be the main causes of
obesity. Food with excessive fat and fructose play an important role here. The aim of this work was
to study the effects of feeding with lard, as a source of fat, or fructose, as a source of carbohydrates,
on physiological and biochemical parameters of the fruit fly Drosophila melanogaster Canton S. The
addition of 10% lard to the basic medium containing 5% fructose inhibited pupation of Canton S
larvae. Medium with 15% fructose did not affect larval pupation rate. One-week feeding with
medium containing 10% lard reduced climbing activity in 9-day-old Canton S males. In addition,
food with 15% lard reduced climbing activity in female flies. One-week feeding with high fructose
medium (15% fructose) did not affect climbing activity of flies of both sexes. Both high calorie diets,
with lard and fructose, significantly increased the resistance of males to cold stress (measured by
reducing time required for recovery from chill coma), but reduced heat stress resistance
(determined by faster onset in heat coma at 40°C) in both sexes. The resistance of insects to
starvation was reduced on high lard medium but not on fructose one. Foods enriched with fructose
or lard did not affect food consumption, body masses and triacylglyceride content and levels of
low- and high-molecular thiols in 9-day-old of flies of both sexes. In addition, feeding with high
lard resulted in a downward trend in lower glucose and glycogen levels, whereas high fructose
had the opposite effects. Thus, foods with high fructose and lard modulated stress resistance in
adult flies and may affect energy metabolism. Detailed mechanisms underlying physiological
effects of high fructose and lard in Drosophila needs further research.
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1. INTRODUCTION

Thanks to the constant development of science and technology, human life has improved and
become more comfortable. However, the availability and prevalence of high-calorie food,
especially so-called fast food, are among the main causes of unbalanced nutrition and metabolic
disorders such as an obesity. Today obesity has become quite a significant health problem in many
countries of the world. A high-calorie food is a food rich in fats and carbohydrates. Amongst
carbohydrates, consumption of fructose has been increasing during recent years. Fructose is
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widely used as a cheap sweetener in carbonated drinks, juices and desserts, as it is the sweetest
among carbohydrates of natural origin (Hannou et al., 2018; Herman & Birnbaum, 2021; Tappy &
Rosset, 2019; Taskinen et al., 2019).

Excessive intake of fructose in the liver disrupts glucose metabolism and leads to a significant
acceleration of lipogenesis and triacylglyceride synthesis. The latter process is due to the high
content of glycerol and acyl residues formed as a result of fructose catabolism. Fructose is
absorbed in the small intestine and metabolized in the liver, where it stimulates fructolysis,
glycolysis, lipogenesis and glucose formation (Taskinen et al., 2019). Thus, high fructose intake can
be one of the factors in the development of metabolic syndrome (Basciano et al., 2005; Guimaraes
et al.,, 2020; Hannou et al., 2018; Taskinen et al., 2019). Markers of the metabolic syndrome are
insulin resistance, intrahepatic lipid accumulation and hypertriglyceridemia, which in turn can
lead to the development of type 2 diabetes and cardiovascular diseases (Taskinen et al., 2019). In
case of excessive intake, fructose can enter into non-enzymatic reactions with various biomolecules
(fructation), resulting in the formation of reactive carbonyl forms, which leads to the development
of carbonyl stress (Semchyshyn, 2013). Diets with a large amount of fructose or animal fat (lard)
increase the formation of reactive oxygen species (ROS) through the intensification of the Krebs
cycle. Increased ROS production, in turn, leads to the development of oxidative stress (Bayliak et
al.,, 2017, 2019, 2022; Emelyanova et al., 2019; Garcia-Berumen et al., 2019; V. I. Lushchak, 2021).
Carbonyl and oxidative stresses are thought to be involved in the progression of obesity and
increase the risk of metabolic complications (Bayliak et al., 2019; Garcia-Berumen et al.,, 2019;
Semchyshyn, 2013). Therefore, understanding the mechanisms underlying fructose and lard
metabolism is important.

Rodents are popular models for the study of obesity and related metabolic syndrome. High-
calorie food rich in fats (Recena Aydos et al., 2019; Speakman, 2019; Tian et al., 2020) or fats with
fructose (Bayliak et al., 2022; Garcia-Berumen et al., 2019; Guimaraes et al., 2020; Herman &
Birnbaum, 2021) are used to induce obesity in rodents. The aim of the work was to investigate the
physiological and biochemical changes in the fruit fly Drosophila melanogaster fed with media
containing lard as a source of fat and fructose as a source of carbohydrates. Drosophila is often used
as a model to study obesity and other metabolic diseases. This is explained by a number of
reasons. First, the fly has tissues, organs and systems similar to those involved in human obesity.
In addition, in Drosophila, obesity and related complications develop under the influence of
excessive caloric intake, just as in humans (Musselman & Kiihnlein, 2018). Also, about 75% of
disease-causing genes in humans have homologous forms in Drosophila (Bayliak et al., 2019; Reiter
et al., 2001).

2. MATERIALS AND METHODS
2.1. Maintaining of D. melanogaster

D. melanogaster flies of Canton S line (wild type) were used for the study. The flies were
obtained from the collection of Indiana University, Bloomington Stock Center (USA).

Fly cultures were maintained at 25 °C, 55-60% humidity in a 12-h dark/light cycle in 250 ml
glass bottles with 25 ml of medium containing 5% sucrose, 5% dry yeast, 6.1% corn grits, 1% agar
and 0.18% methyl paraben to inhibit mold growth. In these bottles, eggs hatched, larvae
developed, pupated and eclosed.

The flies that were grown on the control medium until two days old were transferred to the
control and experimental media. Control medium contained 5% fructose, 5% yeast, 1% agar, 1%
nipagin was used. The experimental media contained additionally 10% lard, or 15% fructose
instead 5% fructose. Flies stayed on these media until they reached the age of nine days.
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2.2. Determination of pupation rate

The dynamics of fly development was assessed by counting the number of pupae once a day,
starting from 4 to 10 days after egg laying. The number of pupae was expressed as a percentage of
eggs; the number of laid eggs was taken as 100%. After hatching, two-day flies were used for
further experiments (Bayliak et al., 2018).

2.3. Determination of climbing activity, resistance to cold stress and starvation

Climbing activity was measured by registering the number of flies that climbed at least 5 cm
upwards on the wall of glass a vial within 20 seconds after gentle tapping to the bottom of the vial
(Bayliak et al., 2016). Resistance to cold stress was assessed by recording recovery time from chill
coma, induced by placing flies at 0 °C for 15 min. To test resistance to starvation, 10 flies of the
same sex were transferred to glass vials containing 1.25 mL of 1% agar and plugged with cotton to
prevent desiccation. The number of dead flies was registered at defined time points until all flies
died, and values were expressed as the percentage of flies that survived (Bayliak et al., 2018).

2.4. Food consumption

The amount of food consumed was determined by an indirect method by measuring the
amount of blue food dye (E133) consumed with food. Flies were kept on experimental media with
the addition of E133 dye for 1.5 hour. After that, flies were anesthetized and transferred to
cryotubes for freezing and weighed to determine the body mass of flies. Frozen flies were
homogenized in 50 mM KH2POs and centrifuged for 10 min at 13000 rpm. Then the optical density
of the resulting supernatants was determined at A=629 nm at which the dye has a maximum
absorption (Bayliak et al., 2018).

2.5. Determination of the concentration of triacylglycerides (TAG), glucose and glycogen

Levels of glucose and triacylglycerides (TAG) were measured using diagnostic kits from Filicit-
Diagnostics Ltd. (Dnipro, Ukraine) following the manufacturer's instructions. To determine
glycogen, it was cleaved by amyloglucosidase (Sigma-Aldrich, #10115; 0.56 U/uL) for 2 h at 37 °C.
After incubation, glucose content of the samples was measured. Glycogen content was calculated
by the difference between glucose content after and before incubation with amyloglucosidase
(Bayliak et al., 2020).

2.6. Determination of thiol groups

The method is based on the reaction of thiols with 5,5'-dithiobis-2-nitrobenzoic acid (DTNB),
resulting in the release of a substance that absorbs light with a maximum at 412 nm. For
determination of low-molecular mass thiols (L-SH), supernatants were treated immediately after
centrifugation with 10% trichloroacetic acid to precipitate protein, centrifuged and the supernatant
saved. Supernatants were obtained by homogenization of frozen flies in lysis buffer (50 mM KPI,
pH 7.0, 1 mM phenylmethylsulfonyl fluoride, 0.5 mM EDTA) at a ratio of 1:10 (w/v). After
homogenization, the samples were centrifuged for 15 min at 4 °C at 16,000 g (Bayliak et al., 2020).
Obtained supernatants were used for the experiment.

2.7. Statistical analysis

Statistical analysis was carried out using Microsoft Excel and GraphPad_Prism_.8.0.1.244. The
results are presented as the mean + SEM of at least three replicates. One-way ANOVA followed by
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Dunnet's t-test was used to compare the mean values and identify significant differences between
them. The criterion of significant difference is P<0.05.

3. RESULTS AND DISCUSSION

3.1. Effects of high lard and fructose on pupation rate of fruit fly

Pupation rate is one of the important parameters for evaluating development of Drosophila.
Previous studies on Drosophila have shown that high concentrations of carbohydrates in the
medium caused a delay in pupation (Rovenko et al., 2015) and shortened lifespan of fruit flies (O.
V. Lushchak et al., 2012). In addition, it was demonstrated a shortening of the lifespan of fruit flies
on a medium with a high fat content (Driver & Cosopodiotis, 1979). Therefore, firstly, we tested
how food containing 10% lard and 15% fructose would affect the pupation rate of D. melanogaster
Canton S line.

Fig. 1 shows the pupation rate of fruit fly on experimental media. Control medium contained
5% fructose as an energy source. One experimental media contained 5% fructose and 10% lard
(L10) and another contained 15% fructose (F15). As we can see, the larvae pupated most slowly on
the medium with 10% lard. In particular, the first pupae on 10% lard appeared on the 5th day
while on the control medium larvae began to pupate on the 4th day. Larvae were fully pupated at
5th day and the 7th day on control medium and lard-containing medium, respectively. However, a
high concentration of fructose (15%) did not change the rate of pupation compared to the control,
and the first pupae on this medium appeared on day 4, and the maximum of pupation was
observed on day 6.

Thus, the presence of 10% lard in the medium inhibited the pupation, whereas 15% fructose
did not affect pupation in Canton S larvae as compared with the control media with 5% fructose.
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Fig. 1. Pupation rate of D. melanogaster Canton S on control medium and media with 10% lard (L10) and 15% fructose (F15),
n=3

3.2. Climbing activity of D. melanogaster

Induced locomotor activity measured as a climbing activity is an important indicator of fly
mobility. Climbing activity is based on the phenomenon of negative geotaxis, i.e. upward
movement of insects on cylinder wall after shaking down. It is believed that the locomotor activity
of insects decreases with age (De Nobrega & Lyons, 2020; Ratliff et al., 2015). Also, this parameter
is used to study disorders of the nervous system that can occur under oxidative stress
(Vitushynska et al., 2015). The latter is one of the manifestations of obesity and develops due to an
increase in ROS generation as a result of increased intensity of metabolic processes (Rovenko et al.,
2012) .



High Consumption of Lard and Fructose Modulates Larval Pupation and Stress Resistance... 46

Climbing activity was measured in 9-day-old Canton S adult flies, which consumed media with
fructose and lard for one week starting from age of two days after eclosion. In this experiment, in
addition to 10% lard, a lard concentration of 15% was also used. Six replicates were conducted. The
results of the measurement are shown in Fig. 2.

We observed that high concentration of fructose (15%) did not affect the locomotor activity of
fruit flies. In males fed medium with 10% lard, the climbing activity was by 38% reduced
compared to the control group, but medium with 15% lard did not affect climbing activity in male
flies. Females showed a marked decrease (by 26%) in locomotor activity on the medium with 15%
lard. Thus, the addition of lard at a concentration of 10% to the medium reduced the induced
motor activity in males, and 15% lard reduced this parameter in Canton S.
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Fig. 2. Induced locomotor activity of nine-day-old D. melanogaster Canton S maintained on control medium and media with
15% fructose (F15), 10% (L10) and 15% (L15) lard. * - significantly different from the corresponding values in the control group,
P<0.05, n=6 (10 flies in each repeat).

3.3. Cold and heat stress resistance

Drosophila belongs to cold-blooded animals. When exposed to low and high temperatures, flies
can lose their activity and fall into a coma. If the temperature changes are not prolonged, the
insects can recover from coma and continue their normal life. Adaptive capabilities of insects are
considered better if they restore their vital activity faster (Bayliak et al., 2017).
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Fig. 3. Cold stress resistance of nine-day-old D. melanogaster Canton S maintained on control medium and media with 15%
fructose (F15), 10% (L10) and 15% (L15) lard. Resistance to cold stress was determined by recording the time required to recover
from cold coma * - significantly different from the corresponding values in the control group, P<0.05, n=4 (10 flies in each repeat).
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Because it was reported that that fruit flies on a diet high in fat (coconut oil) showed decreased
viability at low temperatures (Heinrichsen & Haddad, 2012), we decided to test the effects of
feeding with high concentrations of fat and fructose on fly resistance to cold stress.

Fig. 3 shows the resistance to cold stress of nine-day-old Canton S fed with control and
experimental media. As we can see, different concentrations of fructose and lard did not
significantly change the time of recovery from cold coma in females. However, males on all
experimental media showed a significant reduction in recovery time from cold coma, in particular
most of the control insects and insects from the experimental groups came out of chill coma at 14
minutes and 10 minutes, respectively, after the start of recovery to temperature of 25 °C.

Fig. 4 shows the time of falling into a thermal coma.
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Fig. 4. Heat stress resistance of nine-day-old D. melanogaster Canton S maintained on control medium and media 15% fructose
(F15) and 10% lard (L10). * - significantly different from the corresponding values in the control group, P<0.05, n=4.

On experimental media flies of both sexes fell into coma faster than on control media. Thus,
insects that consumed the basic medium with 5% fructose fell into a thermal coma on the third
minute of observation, and those that were on high concentrations of fructose and lard lost their
activity by the second minute of the test.

3.4. Resistance to starvation

In fruit flies, resistance to starvation is thought to be influenced by the ratio of proteins:
carbohydrates in the diet. The lower this ratio is, the higher is resistance to starvation (Lee & Jang,
2014). There is also evidence that w!’ flies reared on a high fat diet (coconut oil) were more
resistant to food deprivation and survived longer (Heinrichsen & Haddad, 2012). Thus, we
decided to test how maintenance on media with lard and fructose at different concentrations could
affect starvation resistance in Canton S flies.

Resistance to starvation was determined in 21-day-old flies of Canton S line, which were on
experimental media. Fig. 5.A and 5.B show the results of starvation survival of males and females,
respectively. Males of all groups had lower resistance to starvation than females, especially males
on medium with 10% lard were significantly sensitive to starvation than the same females. Males
fed with high fructose (F15) and lard (L10) died during 24 hour 15 hours, respectively under
transferring to starvation conditions as compared with the control group. Resistance to starvation
in females was much higher. Females fed high fructose and high lard survived during 130 hours
and 90 hours, respectively. Thus, D. melanogaster females are more resistant to starvation than
males that is consistent with previous studies (Lylyk et al., 2018).

Feeding with 10% lard inhibited the survival of both males and females under starvation
conditions. In our study, the protein concentration was unchanged (yeast 5%), only the percentage
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of carbohydrates was changed (e.g., control medium contained 5% fructose, and one experimental
medium contained 15% fructose). Taking into account previous study (Lee & Jang, 2014), we
expected that flies fed with the medium with 15% fructose would show higher resistance to
starvation compared to the control (fructose 5%). But, 15% fructose did not significantly affect
starvation survival in males and females as compared with the control group that not corresponds
our expectations.
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Fig. 5. Resistance to starvation of 21-day-old D. melanogaster Canton S maintained on control medium and media with 15%
fructose (F15) and 10% lard (L10), n=3 (10 flies in each repeat).

3.5. Body mass and food consumption

Fig. 6 shows the results of determining the body masses of flies fed with experimental media.
As we can see, the body mass did not differ in either males or females on the experimental media.
Therefore, the high-calorie diets did not affect the body of nine-day-old Canton S flies of both
sexes. It is known from previous studies that females of Canton S, which were fed on medium with
high fructose content (10%, 20%) showed an increase in body mass (Rovenko et al., 2015), but this
difference was fixed only between flies consumed low caloric food (0.25% carbohydrates) and high
caloric food (10 and 20% carbohydrates). In our experiment, control food contained 5% fructose,
and it seems that this media was enough caloric for flies, or maybe the absence of difference in
body masses on control and high caloric media might be due to difference in food consumption.
To check this assumption, we measured intensity of food consumption on the studied media.
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Fig. 6. Body mass of nine-day-old D. melanogaster Canton S maintained on control medium and media with 15% fructose
(F15) and 10% (L10) and 15% (L15) lard, n=7-9 (10 flies in each repeat)

Determination of food consumption is an important indicator of behavioral reactions, nutrition
and drug intake in fruit flies (Wong et al., 2009). When the level of carbohydrates in the diet



49  Viktoria Hurza, Natalia Butenko, Oleh Demianchuk, Vitalii Balatskiy, Vitalii Derkachow, Maria Lylyk

increases, flies consume less food due to the reduced yeast (protein) content. However, on a diet
with fructose, flies were shown to consume about 25% more food than on glucose-containing food
(Rovenko et al., 2015).

Food consumption was determined in two-day-old Canton S, which were grown on yeast-
sucrose medium (5% sucrose) and then transferred on experimental media for 1.5 h. Fig. 7
demonstrates that both males and females had similar intensity of food consumption, regardless of
type of food. Thus, at starting of feeding with high-calorie diets two-day-old Canton S flies did not
differ in the intensity of food consumption. At the same time, experimental males and females
tended to consume less and more, respectively, as compared with the control group.
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Fig. 7. Food consumption by two-day-old D. melanogaster Canton S on control medium and media with 15% fructose (F15)
and 10% lard (L10), n=3 (10 flies per repeat).

3.6. Glucose, glycogen and TAG content

Glucose is one of the important sources of energy circulating in Drosophila hemolymph.
Increased concentration of carbohydrates in food increases the level of circulating glucose
(Chatterjee & Perrimon, 2021). Previous studies have shown that excessive consumption of diets
enriched with fructose and glucose leads to hemolymph hyperglycemia (Musselman et al., 2019)
and to higher levels of body glucose and glycogen, a reserve form of glucose, in Drosophila (O. V.
Lushchak et al., 2021). Therefore, we measured levels of free glucose and glycogen in the bodies of
flies maintained on experimental diets. The glucose content is shown in Figs. 8.A and 8.B.

As we see, high fructose-fed males showed a tendency to lower whole body glucose levels,
whereas fructose-fed females had a tendency to higher glucose levels. The glucose level was by
40% lower in males fed with on medium containing 10% lard compared to the control group. No
significant differences in glucose levels were observed between control and lard-fed females.

Excess energy that Drosophila receives from food, as in mammals, is stored as glycogen and
triacylglicerides (TAG). A high sugar diet is known to stimulate the expression of glycogen
synthase, an enzyme involved in glycogen synthesis (Chatterjee & Perrimon, 2021; Garrido et al.,
2015). Given that high concentrations of carbohydrates (15% fructose) were also used in our study,
it was expected that glycogen levels would also be elevated.

Figs. 8.C and 8.D show the glycogen content of these flies. Glycogen levels do not change
significantly in either males or females on both fructose and lard media, but glycogen levels
tended to be lower in lard-fed flies females. Thus, flies maintained on 10% lard showed to a
tendency to have lower both glucose and glycogen levels.

It is believed that the levels of TAG and total lipids increases on media high in fats (Baenas &
Wagner, 2022) and in carbohydrates, in particular fructose (Rovenko et al., 2015). Studies with flies
of the w'*® line, confirmed the increase in TAG levels in flies on the medium with high fat content
(coconut oil) (Diop et al., 2017; Heinrichsen & Haddad, 2012).
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Fig. 8. Glucose and glycogen content in nine-day-old D. melanogaster Canton S maintained on control medium and
media with 15% fructose (F15) and 10% lard (L10). * - significantly different from the corresponding values in the control
group, P<0,05, n=3-5.

In our experiment, a week of exposure to the experimental media with high fructose or high
lard did not change the levels of TAG in either females or males compared to the respective

controls.
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Fig. 9. TAG content in nine-day-old D. melanogaster Canton S maintained on control medium and on media with 15% fructose
(F15), 10% (L10) and 15% lard (L15), n=9.

It should be noted that females have significantly higher levels of body TAG, than males. It is
known that the fruit fly has sexual dimorphism between females and males. One of its
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manifestations is that females have more fat cells in the whole body compared to males (Diop et
al., 2017). Therefore, it can explain higher level of TAG in females compared with males.

3.7. Low and high molecular mass thiols content

Consumption of carbohydrates or fats in high amounts increases the intensity of metabolism,
as well as respiratory activity of the electron transport chain of mitochondria (Bayliak et al., 2019).
This leads to an increase in ROS production and causes oxidative stress (Rovenko et al., 2015).
Also, activation of antioxidant defense may occur. Thiols are antioxidant compounds that protect
cells from free radicals and are markers of oxidative stress (Munday, 1989). We measured the
content of low- and high-molecular mass thiols in flies fed with high-calorie media. Fig 10 shows
the content of low molecular mass and high molecular mass thiols in males and females Canton S.
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Fig. 10. Content of low and high molecular mass thiols in nine-day-old D. melanogaster Canton S flies on control medium and
media with 15% fructose (F15) and 10% lard (L10), n=3.

The content of high and low thiol groups did not change when the fly consumed 15% fructose
and 10% lard, compared to the control (5% fructose). Earlier it was shown that with increasing
concentration of carbohydrates (sucrose) in the media, the level of high molecular mass (protein)
thiols also increased in the body of flies (Rovenko et al., 2015). However, another study showed
that the level of high molecular mass thiols did not depend on the concentration of sucrose in the
medium, and the level of low molecular mass thiols decreased with increasing carbohydrate
concentration (Strilbytska et al., 2022).

In general, in our experiments, flies were kept on high-calorie media only for a week.
Therefore, obviously, this time is not enough for the development of the expected changes.
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4. CONCLUSIONS

Our results demonstrate an inhibitory effect of lard at high concentrations but not fructose on
development of D. melanogaster Canton S slowing down the pupation of larvae. Feeding of adults
tlies with lard-based food but not with high fructose-based affected locomotor activity by reducing
climbing activity of males. Both high calorie diets (fructose and lard-based ones) significantly
increased the resistance to cold stress (in males) but reduced resistance to heat stress (in both
sexes). In addition, lard-based food decreased starvation resistance in both sexes. Feeding with
high lard resulted in a downward trend in lower glucose and glycogen levels, whereas high
fructose had the opposite effects. Both high-calorie diets did not affect triacylglyceride and thiol
levels in flies of both sexes. Detailed mechanisms underlying physiological effects of high fructose
and lard in Drosophila needs further research.
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I'ypsa Bikropis, byrenko Haraais, dem arayk Oaer, basanskmii Bitaaiii, depkados Bitaairi, Amanuk Mapis.
CroxmBaHHA 1Ki 3 BUCOKMM BMiCTOM CMaAbIIO ab0 (PPYKTO3M MOAYAIOE€ 3aAsAAbKOBYBaHHS AMYMHOK Ta
CTpecocTiliKicTs y gopocanx ocoomH Drosophila melanogaster. XKypraa Ilpuxapnamcokozo yrisepcumenty
imeni Bacuas Cmedanuxa, 9 (4) (2022), 42-55.

OxupiHHA Ta MeTabOAIYHMIT CMHAPOM, CTalOTh IIpO0AeMOI0 HOMep OAUH AAs 3A0POB’sl CydacHOTO
cycmiancta. HempapmabHe XapdyyBaHHS Ta CHUASYMI CIIOCIO >KUTTSI € OAHMMM 3 OCHOBHUX IIPUYMH
oxupinna. Haamipamit BmicT >Kmpy Ta QpyKTosm, SK Hall4eIleBIIOIO ITi4COA04KyBada, Y XapuOBOMY
palioHi AI0AMHM BiAiTpalOTh TyT He OCTaHHIO poAab. MeTolo 11i€l poboTu OyA0 40CAIAUTHU BIIAMB CMaABIIO, SIK
AXepeaa XuUpy, Ta q)pyKTosu SK AKepeda BYIAeBOAiB Ha cl)i3i0A0r0-6ioxiMqui IOKa3HMUKM B OpraHiami
naogosoi mymku Drosophila melanogaster aimii Canton S. Jogapanss 10% cmaasijio 40 0a3oBOTo
cepeAoBulIna, sike MicTnAao 5% (QpyKTo3M, iHriOyBaA0 3aAA1ABKOBYBaHH: AMYMHOK IIA0AO0BOI MYXH, TOAl SIK
cepeaosuirie 3 15% QpyKTo3n He BIIAMBAAO Ha MIBMAKICTh 3a451AbKOBYBaHHA. Y TPMMYBaHHA Ha CepeJOBMIIII 3
10% cMaAabIlIO IIPOTSATOM OAHOTO TVDKHS 3HMKYBaAO iHAYKOBaHY pyXOBY aKTUBHICTb Y 9-4eHHMX caMIIiB AiHil
Canton S. Takox, cepegosuirie 3 15% cMaAbLIIO 3HUKYBAaAO iHAYKOBAaHY PYXOBY aKTUBHICTh Y CaMOK.
Tuxnese rogysanHst BUCOKO(PyKTO3HUM cepedopuineM (15% @pykrosm) He BrAMBaAO Ha iHAYKOBaHY
PYXOBY aKTHBHICTb y MyX 000X crarteii. Bucoxokaaopiiini i€t 000X TMIIiB, 3i cMaabpIieM Ta QpPyKTO30I0,
CYTTE€BO IMABMIIYBAaAM CTiMIKiCTh CaMIIiB A0 XOAOAOBOIO CTpecy (BM3HAYeHy 3a 3MEHIIeHHSIM 4acy,
HeOOXiJHOTO AAsl BiAHOBAEHHSA 3 XOJA0AOBOI KOMM), ade 3HMXKYBaAM CTilIKiCTb 4O TeIlA0BOTO CTpecy
(BM3HaYeHy 3a 3MEHIIIeHHsM JacoM BIIajaHH: Y TEIIA0BY KOMY) B 000X cTaTell. Y TpUBYBaHH: Ha cepejOBUIITi
3 10% cmaapiio aze He 3 15% QPYKTO3010 3HIKYBAAO CTIKICTh KOMaX 40 TOAOAYBaHH:I. [ka 3 BUCOKOIO
KOHIIeHTpanieio ¢pykTo3m abo cCMaAbLIIO He BIIAMBaJda Ha CIIOXKMBaHHSA DXKi, Macy Tida MyX, BMicT
TPUAIIUTAIIIepUAIB, HU3BKO — i BUCOKOMOAEKYASIPHMX TiOAiB y 9-adeHHUX MyXx obox crarreit. Oxpim TOTO,
BMICT TAI0KO3M Ta TAiKOTeHy A€MOHCTPYBaB TeHAEHLIIO A0 3HVJKEHHs y MyX Ha CepeJOBUILNL 3 BUCOKUM
BMiCTOM CMaZABIIIO, TOAl SIK Ha cepeOBMIITi 3 BUCOKMM BMiCTOM criocTepiraaucs npornaexHi egpextn. Takum
IIHOM, 1’Ka 3 BMCOKMM BMICTOM (PPYKTO3! Ta CMaAbIll0 MOAYAIOBala CTPECOCTIMKICTh Y AOPOCAMX MYX Ta
MOI/a BIIAMBATM Ha €HepTeTUYHNII OOMiH y MyX. JeTaapHi MeXaHi3MM, IO Ae>XaTh B OCHOBi (izioaoriunmx
eexTiB TXi 3 BUCOKMM BMiCTOM (PPYKTO3U Ta CMAABILIO Y Apo3odian, HOTpeOyIOTh T0AAABIINX 40CAIAKEHD.

Karo4osi caoBa: aposodiaa, ppykrosa, cMaseny, As1AbKyBaHH:A, CTiIKICTb 40 CTpeCiB.



