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EFFECTS OF HIGH CONCENTRATION SPERMIDINE SUPPLEMENTATION DURING
LARVAL FEEDING IN DROSOPHILA MELANOGASTER SWISS CHEESE MUTANTS

Aim. The aim of this study was to show the
effects of spermidine supplementation during the
larval stage on lifespan, neurodegenerative pheno-
type, and locomotor behavior in adult sws’ mutant
flies. Methods. Experiments were performed using
Drosophila melanogaster Meigen swiss cheese
(sws?) mutants and Oregon-R wild-type controls.
Flies were maintained at 24 °C on standard medi-
um. Spermidine (5 mM) was added to the food
during the larval stage only, while lifespan, loco-
motor behavioral (negative geotaxis and open-field
assays), and histological analysis were conducted in
adult flies. Statistical analyses were performed us-
ing GraphPad Prism and Microsoft Excel. Results.
Larval-stage spermidine supplementation showed
no neuroprotective benefit in the sws’ neurodegen-
eration model, as 5 mM treatment shortened
lifespan, failed to restore locomotor or motor activi-
ty, and did not reduce histological signs of brain
degeneration. Conclusions. Larval-stage spermi-
dine treatment did not improve survival, behavior,
or histological markers of neurodegeneration in
adult sws’ flies. Further studies are required to
evaluate the effects of lower spermidine concentra-
tions.

Keywords: genes, age-related disease, Dro-
sophila melanogaster, behavior.

Neurodegenerative diseases are incurable
conditions that lead to the progressive loss of nerv-
ous system function due to neuronal death. Spermi-
dine levels have been correlated with the develop-
ment of neurodegenerative diseases. Spermidine
belongs to a class of polyamines that interact with
negatively charged DNA, RNA, and lipids, ena-
bling it to participate in crucial cellular processes
such as DNA stabilization, cell proliferation,
growth, and cell death. Dietary supplementation

with spermidine has shown distinct anti-aging and
lifespan-extending effects across species, including
yeast, worms, fruit flies, and mice (Satarker et al.,
2024, Michiels et al., 2016).

The fruit fly, Drosophila melanogaster
Meigen, is a well-established model organism for
studying the molecular mechanisms underlying
many human neurological disorders due to several
key characteristics. Cellular and molecular path-
ways, including membrane excitability, synaptic
plasticity, and neuronal signaling, are highly con-
served between flies and humans (Giansanti et al.,
2025).

Swiss-Cheese (SWS) is the Drosophila hom-
olog of patatin-like phospholipase domain-
containing protein 6 (PNPLAG6), also known as
Neuropathy Target Esterase (NTE). SWS contains a
highly conserved domain required for phospho-
lipase activity as well as a domain homologous to
the regulatory subunit of protein kinase A, high-
lighting its important role in neuronal homeostasis
(Law et al., 2025).

A mutagenesis screen identified an allele of
the sws gene (sws”) that introduces a premature stop
codon, likely resulting in complete loss of SWS
function. Loss of SWS leads to progressive neu-
ronal degeneration and locomotor defects. Pheno-
typically, swiss cheese mutant flies exhibit adult-
onset neurodegeneration characterized by spongi-
form Dbrain lesions detectable around day 5 of
adulthood, which worsen with age and ultimately
result in premature death (Kretzschmar et al.,
1997).

Based on these findings, we sought to deter-
mine whether spermidine supplementation during
the larval stage could influence lifespan, neuro-
degeneration, and locomotor behavior in adult sws?
mutant flies.
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Materials and methods

All experiments were performed with D.
melanogaster swiss cheese (sws') mutant, a line
kindly provided by Prof. Doris Kretzschmar
(Kretzschmar et al., 1997). As a control, the Ore-
gon-R wild-type line served. Flies were kept in
vials at 24 °C, on standard medium (0.7% sugar,
yeast, raisins, and semolina, 5% of each). Spermi-
dine was fed during the larval stage at a concentra-
tion of 5 mM in the medium, selected based on
previously reported effective doses in mouse stud-
ies (Satarker et al., 2024, Michiels et al., 2016).
Adult flies were kept on standard medium.

Feeding assay. The amount of consumed
food was calculated from the optical absorption of
the consumed dye described previously (Matiytsiv
etal., 2023).

Survival assays were performed using at least
100 males per genotype. Flies were transferred to
fresh food every 2-3 days, and survival was record-
ed. Data were analyzed using GraphPad Prism 8,
with significance determined by the log-rank test.

Histological sections and quantification of
brain tissue degeneration. Degenerative changes in
brain tissue were assessed using histological sec-
tions. prepared as previously described (Heisenberg
and Bohl, 1979). Flies were anesthetized, posi-
tioned with the head properly oriented, and fixed in
Carnoy’s solution (ethanol : chloroform : acetic
acid, 6:3: 1) for 12 h at 4 °C. Samples were dehy-
drated in graded ethanol, cleared, and embedded in
paraffin at 65 °C. Serial sections (7 um) were cut
using a Leica rotary microtome, mounted on Su-
perFrost slides, deparaffinized in xylene, and per-
manently coverslipped using DPX mounting medi-
um. Images were captured with an Olympus 1X73
microscope equipped with a DP-74 digital camera
(Japan) using green fluorescent at 40x magnifica-
tion. Brains from 20 flies per group were analyzed.
Images were processed using ImageJ software (Ma-
tiytsiv et al., 2023).

Climbing activity assay. Locomotor perfor-
mance was evaluated using a negative geotaxis
(climbing) assay based on the phototaxis detection
system with minor modifications Matiytsiv et al.,
2023). The apparatus consisted of five vertically

connected vials. Flies were allowed 30 s to climb,
after which the number reaching the upper vial was
recorded. Without rest, flies were sequentially
transferred to the next vial, and the procedure was
repeated until the final chamber was reached. The
locomotor activity index (L-index) was calculated
based on the number of flies reaching each level.

Open-field assay. Locomotor activity was
evaluated in a custom-built open-field arena con-
sisting of a 7-cm glass Petri dish divided into 0.5 x
0.5 cm squares and covered with a glass lid. After 2
min of acclimation, flies were video recorded for 10
min. Distance traveled was calculated offline by
counting crossed squares (0.5 cm each). At least 25
males per genotype and age group were analyzed
(Matiytsiv et al., 2013).

Statistical analysis was conducted using
GraphPad Prism 8 and Microsoft Excel 2016. Dif-
ferences between groups were evaluated using an
unpaired two-tailed Student’s t-test.

Results and discussion

Quantitative spermidine intake and survival
analysis. Clear phenotypic differences between
genotypes were observed, as sws’ mutants exhibited
pronounced neurodegenerative features compared
with Oregon-R wild-type flies. To ensure reliable
comparisons between groups, spermidine consump-
tion was quantified during the larval stage, when
flies were exposed to spermidine-supplemented
food. Wild-type and sws’ mutant larvae ingested 5
mM spermidine in amounts comparable to control
food, indicating no genotype-dependent differences
in intake (Fig. 1 a). After eclosion, all survival and
behavioral assessments were performed in adult
flies. Survival curves demonstrated that sws’ mu-
tants had a significantly shorter lifespan than wild-
type flies, confirming the suitability of this model
for neurodegeneration studies. Larval-stage sup-
plementation with 5 mM spermidine did not im-
prove survival; instead, it reduced maximal lifespan
in sws’ adults (Fig. 1 b). Median survival decreased
from 15 to 13 days in sws? mutants and from 43 to
39 days in Oregon-R controls. Log-rank test
showed a significant reduction in survival in sper-
midine-treated sws’ flies.
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Fig. 1. a) Spermidine intake of the larva. No significant difference. b) Survival curves of Oregon-R and sws? flies maintained
on standard medium (dashed lines) or after being supplemented with spermidine (5 mM) (n = 100 per group). Oregon-R n=102,
Oregon-R+spd (100), P=0.1031; sws'(n = 100), sws’+spd (n = 100), P = 0,0231.

As locomotor activity is an important indica-
tor of nervous system function, two additional be-
havioral assays were performed: climbing ability
and the open field test. As locomotor activity is a
sensitive indicator of nervous system integrity, two
complementary behavioral assays were used to
achieve a comprehensive assessment of motor func-
tion. Mechanical stimulation was used to elicit
climbing capacity, while the open-field test meas-
ured spontaneous activity under physiological con-
ditions, free from external disturbance. This com-
bined approach allowed us to differentiate between
deficits in baseline activity and impaired respon-
siveness to stimulation, providing a more reliable
characterization of neurodegenerative changes in
locomotor behavior. (Fig. 2 a, b). Under standard
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conditions, sws’ mutants demonstrated significantly
impaired locomotor activity compared to the Ore-
gon-R wild-type flies, indicating pronounced neu-
rodegenerative alterations affecting motor perfor-
mance. Spermidine supplementation did not signif-
icantly modify locomotor behavior in either wild-
type or mutant flies compared to their respective
controls maintained under standard conditions.

Polyamines in the brain act as modulators of
neuron—glial networks and predominantly accumu-
late in glial cells, where they help maintain cellular
homeostasis (Skatchkov et al., 2014). Therefore,
polyamine availability may contribute to neuropro-
tection. Based on this, we examined whether sper-
midine supplementation affects brain vacuolization
in Drosophila.
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Fig. 2. Locomotor behavior of Oregon-R and sws? flies after larval spermidine treatment: a) Locomotor activity

index. b) Open-field assay of motor activity.
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Histological sections of brains from 13-day-
old male sws’ flies on control, or 5 mM spermidine-
supplemented medium were compared. Phenotypi-
cally, sws’ mutants exhibited glial hyperwrapping
and pronounced vacuolization due to the absence of
neurons and

functional SWS protein in
glia (Fig. 3 a).

Degenerative lesions were widespread
throughout the mutant brain. No visible phenotypic
differences were observed between control and
spermidine-treated sws’ flies, which prompted fur-
ther quantitative analysis. Quantitative analysis of
neurodegenerative areas revealed no improvement
in either the lamina or the medulla following sper-
midine treatment, which correlates with results of
lifespan and behavior tests (Fig. 3 c, d).
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Fig. 3. a) Brain tissue of Oregon-R, 13-day-old males; b) sws’ mutant brain showing neurodegenerative vacuoli-
zation; (c,d) Quantitative analysis of degeneration areas in the lamina and medulla of sws’ mutants before and after
spermidine treatment. Arrows indicate regions of neurodegeneration. Re — retina; La — lamina; Me — medulla.

Conclusions

Spermidine supplementation during the lar-
val stage did not show neuroprotective effects in
the sws’ model of neurodegeneration. 5mM sper-
midine reduced lifespan in both wild-type and mu-
tant flies and failed to improve locomotor perfor-
mance or brain histopathology. Neither evoked nor
spontaneous motor activity showed functional re-
covery, and quantitative analysis revealed no atten-

uation of neurodegenerative vacuolization in mu-
tant brains.

These findings indicate that exogenous
spermidine at high concentrations may have detri-
mental rather than protective effects under condi-
tions of genetically determined neurodegeneration.
Further studies are required to evaluate lower sper-
midine concentrations and to investigate molecular
and antioxidant stress markers to better define dose-
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BILIMB BUCOKOI KOHIIEHTPAIIL CHEPMIJIUHY HA MYTAHTIB SWISS CHEESE DROSOPHILA
MELANOGASTER 3A IMYUHKOBOI'O 3rO/IOBYBAHHS

Mema. MeTol0 1IHOTO JOCTIJDKEHHS OyJI0O BU3HAYUTH BIUIMB JIOJIABaHHS CIEPMIJUHY Ha JMYMHKOBIH CTajii pO3BUTKY
Ha TPUBATICTB XKUTTS, HEUPOJETreHePaTHBHIK (DEHOTHII i PyXOBY IMOBEAIHKY JIOPOCIHX MYTaHTHUX MyX sws’. Memoou.
ExcriepuMeHTH TpOBOIWIN 3 BHKOpucTaHHAM MytaHTiB Drosophila melanogaster Meigen swiss cheese (sws!) ta
KOHTpOJIBHOT NiHii aukoro Tuny Oregon-R. Myx yrpumyBanu npu 24 °C Ha CTaHZQpPTHOMY XHBHJIBHOMY CEpEIOBHILI.
Criepmigus (5 MM) momaBany 10 KOpMY JIMIIE Ha TMYUHKOBIHA CTalii, TOMI SIK aHaJi3 TPUBAIOCTI KHUTTS, IOKOMOTOPHOL
AKTHBHOCTI (TECTH HETATUBHOT'O F€OTAKCHCY Ta BIJKPUTOTO MOJIS) 1 MCTOIOTIYHI JOCITIHPKEHHS BUKOHYBAJIU Y TIOPOCIHX
ocobuH. CraTHCTHYHY OOpOOKY MaHWX MPOBOIWIK 3a aomomoro mporpam GraphPad Prism ta Microsoft Excel.
Peszynemamu. JlogaBaHHs CriepMiiMHY Ha JIMYMHKOBIN cTajii HE MPOJEMOHCTPYBAJIO HEMPOIPOTEKTOPHOTO e(eKTy B
MoJeni HeWpozereHepauii sws’, OCKiJibku 00poOka 5 MM cHepMiJMHOM CKOpOYyBajia TPUBANICTh JKUTTS, HE
BiTHOBJIFOBAJIa PYXOBY AaKTHBHICTh i HE 3MEHIIyBaJla TICTOJOTiIYHI O3HAKH JereHeparii Mo3Ky. Bucnoexu. OOpoOka
CIepMiIMHOM Ha JMYUHKOBIH CTaii HE MOKpaIlyBalia BUKHBAHICTh, IOBEIIHKOBI TOKa3HUKH YH TiCTOJOTIYHI MapKepH
Heliponerenepamii y mopociaux Myx sws’. [lomanmpimi JOCTIIPKEHHS HEOOXiTHI JUIS OIHKH €(EKTIB HIKIAX
KOHIICHTpAIi} CIICPMiIUHY.

Kmiouosi cnoea: Tenn, BikoBi 3axBoproBanssi, Drosophila melanogaster, mosexinka.
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