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Abstract

Alcohol use and abuse is a common and prevalent disorder characterized by complex and individually variable physiological
effects. C. elegans demonstrate multiple ethanol-induced behaviors and are an effective model for experimentally isolating
environmental and genetic factors underlying the actions of ethanol. Using wild type and dopamine signaling mutant C.
elegans, the current study found that ethanol exposure results in dopamine release-dependent swimming induced paralysis and
that dopamine influences acute sensitivity to ethanol. Taken together, the findings support a role for dopamine in mediating
acute responses to ethanol.
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Figure 1. Role of dopamine in behavioral responses to acute ethanol exposure:

A) Acute exposure to 400mM EtOH in water for 10 minutes results in Swimming Induced Paralysis (SWIP) in wild type
worms (N2) but not in dopamine deficient worms (cat-2(e1112)). Worms with increased extracellular dopamine (dat-
1(0k157)) have previously been shown to exhibit SWIP at similar levels (McDonald et al., 2007) and the paralysis rates are
unchanged by EtOH. (n= 7-11 independent replicates consisting of 3-5 trials for each condition) B) 400mM EtOH in liquid
NGM decreases thrashing rates relative to untreated controls (dashed line) in all worm strains after 10 minutes, however the
reduction is enhanced in dat-1(ok157) mutants and less severe in cat-2(e1112) mutants relative to wild type N2 animals. (n=30
individuals/condition across 6 independent trials). Error bars indicate SEM, ANOVA and Tukey post-hoc were used for
statistical comparisons: ****p<0.0001.

Description

Alcohol (ethanol, EtOH) use and abuse is a common and prevalent disorder that affected approximately 28.9 million
Americans in 2022 (National Survey on Drug Use and Health, 2023). Ethanol has complex physiological effects across
multiple neurotransmitter systems that can vary greatly due to individual developmental, environmental, and genetic factors
(Abrahao et al., 2017; Egervari et al., 2021). Dopamine is of particular interest due to its role in reward and addiction (Nutt et
al., 2015). The nematode model organism Caenorhabditis elegans (C. elegans) exhibits multiple reversible and dose-
dependent behavioral responses to ethanol exposure, in particular ethanol affects locomotion rates on solid and in liquid media


https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=6239
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=6239
http://www.wormbase.org/db/get?name=WBStrain00000001;class=Strain
http://www.wormbase.org/db/get?name=WBGene00000296;class=Gene
http://www.wormbase.org/db/get?name=WBVar00143753;class=Variation
http://www.wormbase.org/db/get?name=WBGene00000934;class=Gene
http://www.wormbase.org/db/get?name=WBVar00091482;class=Variation
http://www.wormbase.org/db/get?name=WBGene00000934;class=Gene
http://www.wormbase.org/db/get?name=WBVar00091482;class=Variation
http://www.wormbase.org/db/get?name=WBGene00000296;class=Gene
http://www.wormbase.org/db/get?name=WBVar00143753;class=Variation
http://www.wormbase.org/db/get?name=WBStrain00000001;class=Strain
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=6237
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=6239

microPublication
BIOLOGY
7/2/2025 - Open Access

(Davies, 2003; Johnson et al., 2013; Scholz, 2019). The C. elegans nervous system is extensively characterized including
dopaminergic circuitry with high homology to mammalian systems of synthesis, vesicular packaging and release, receptors,
and metabolism (Engleman et al., 2016; McMillen and Chew, 2024). Furthermore, C. elegans exhibit several easily observable
dopamine-dependent phenotypes and provide an excellent system for examining the relationship between ethanol exposure
and dopamine, though relatively few studies have addressed this relationship directly. Swimming and crawling locomotion
patterns, particularly the transition from swimming to crawling, are altered by acute ethanol, an effect that may be mediated
through dopamine signaling (Topper et al., 2014). In addition, dopamine may facilitate context-dependent learning involving
extended exposure to ethanol cues (Bettinger and Mclntire, 2004; Lee et al., 2009) and contribute to the development of
functional tolerance during extended ethanol exposure in C. elegans (Pandey et al., 2021). However, the role of dopamine in
acute responses to ethanol is unclear.

First, to determine if acute ethanol exposure alters extracellular dopamine, swimming induced paralysis (SWIP) was assessed
in L4 animals exposed to 0 or 400mM EtOH in ddH,O for 10 minutes (Fig. 1A). SWIP occurs when dopamine accumulates in
the synapse due to excessive release or to ineffective clearance by the dopamine transporter dat-1. Increased extracellular
dopamine causes paralysis through prolonged activation of the dopamine receptor dop-3 on cholinergic motor neurons
(McDonald, 2007). Notably SWIP is not observed in salty solutions such as NGM (Kudumala et al., 2019). In ddH,0, 400mM
EtOH significantly induced SWIP in wild type N2 animals compared to 0OmM EtOH. The level of ethanol-induced SWIP in
N2 animals was similar to observations in dat-1(ok157) mutants. cat-2(e1112) dopamine-deficient tyrosine hydroxylase
mutants had similar SWIP compared to N2 at OmM EtOH, however 400mM EtOH did not induce SWIP. Taken together, these
observations suggest that SWIP observed in N2 animals results primarily from ethanol-induced alterations in extracellular
dopamine rather than a general paralytic effect of ethanol.

Second, to determine if dopamine contributes to the depressive locomotion effects of acute ethanol exposure, thrashing
behavior was observed in N2, dat-1(ok157), and cat-2(e1112) animals (Fig. 1B). In OmM EtOH liquid NGM, which does not
induce SWIP behavior, no paralysis was observed at 10 minutes and all strains maintained similar thrashing rates per 30s
(N2=53.148.6; dat-1(0k157)=51.946.0; cat-2(e1112)=51.5+6.8). Addition of 400mM EtOH reduced thrashing rates by 45%
relative to untreated controls in N2 animals after 10 minutes, consistent with previous studies (Mitchell et al., 2007; Johnson et
al., 2013). Ethanol reduced thrashing rates by 68% relative to untreated controls in dat-1(ok157) mutants with increased
extracellular dopamine, indicating increased sensitivity to acute ethanol. Conversely, thrashing rates were only reduced by
19% in dopamine deficient cat-2(e1112) animals, indicating reduced sensitivity to acute ethanol compared to N2 animals.
Taken together, these observations suggest that dopamine has a central role in determining sensitivity to acute ethanol.

Collectively, these findings indicate that dopamine mediates acute behavioral change in response to ethanol exposure,
potentially through ethanol-induced dopamine release or inhibition of dopamine clearance. The SWIP phenotype has been
used to study other substances including amphetamine and cannabidiol (CBD) (Carvelli et al., 2010; Kudamala et al., 2019;
Shrader et al., 2020), however to our knowledge, this study is the first to demonstrate SWIP in response to ethanol and
provides an additional avenue for examining genetic and environmental variants that influence ethanol sensitivity.

Methods
C. elegans Maintenance

All strains were obtained from the Caenorhabditis Genetics Center (University of Minnesota) and maintained at 20°C on solid
nematode growth medium (NGM) seeded with E. coli (OP50-1). Age-synchronous animals from each strain were prepared by
small-scale sodium hypochlorite treatment of gravid animals (Stiernagle, 2006) with resulting eggs maintained at 20°C on
seeded NGM plates for 3 days until reaching L4/young adult stage.

Swimming Induced Paralysis (SWIP) Assay

SWIP was measured as previously described (McDonald et al., 2007). Briefly, for each trial, 10 L4 animals were transferred
from seeded NGM agar plates into 100pL of ddH,O on a depression slide. Transfer time was less than one minute.
Immediately following transfer, 5uL of 8.4M EtOH or ddH,O was added to the slide to achieve a final EtOH concentration of
400mM. After 10 minutes, worms were scored for paralysis using a stereomicroscope. 7-11 independent replicates consisting
of 3-5 trials each were measured for each strain and ethanol condition over multiple days by two different experimenters.
SWIP was compared between ethanol conditions and across strains using 2-way ANOVA and Tukey's multiple comparisons in
Prism (GraphPad).

Thrashing Assay


https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=6239
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=6239
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=6239
http://www.wormbase.org/db/get?name=WBGene00000934;class=Gene
http://www.wormbase.org/db/get?name=WBGene00020506;class=Gene
http://www.wormbase.org/db/get?name=WBStrain00000001;class=Strain
http://www.wormbase.org/db/get?name=WBStrain00000001;class=Strain
http://www.wormbase.org/db/get?name=WBGene00000934;class=Gene
http://www.wormbase.org/db/get?name=WBVar00091482;class=Variation
http://www.wormbase.org/db/get?name=WBGene00000296;class=Gene
http://www.wormbase.org/db/get?name=WBVar00143753;class=Variation
http://www.wormbase.org/db/get?name=WBStrain00000001;class=Strain
http://www.wormbase.org/db/get?name=WBStrain00000001;class=Strain
http://www.wormbase.org/db/get?name=WBStrain00000001;class=Strain
http://www.wormbase.org/db/get?name=WBGene00000934;class=Gene
http://www.wormbase.org/db/get?name=WBVar00091482;class=Variation
http://www.wormbase.org/db/get?name=WBGene00000296;class=Gene
http://www.wormbase.org/db/get?name=WBVar00143753;class=Variation
http://www.wormbase.org/db/get?name=WBStrain00000001;class=Strain
http://www.wormbase.org/db/get?name=WBGene00000934;class=Gene
http://www.wormbase.org/db/get?name=WBVar00091482;class=Variation
http://www.wormbase.org/db/get?name=WBGene00000296;class=Gene
http://www.wormbase.org/db/get?name=WBVar00143753;class=Variation
http://www.wormbase.org/db/get?name=WBStrain00000001;class=Strain
http://www.wormbase.org/db/get?name=WBGene00000934;class=Gene
http://www.wormbase.org/db/get?name=WBVar00091482;class=Variation
http://www.wormbase.org/db/get?name=WBGene00000296;class=Gene
http://www.wormbase.org/db/get?name=WBVar00143753;class=Variation
http://www.wormbase.org/db/get?name=WBStrain00000001;class=Strain
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=6239
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=6237
http://www.wormbase.org/db/get?name=WBStrain00041971;class=Strain

microPublication
BIOLOGY
7/2/2025 - Open Access

Thrashing was assessed according to Johnson et al., 2013. Five to seven L4/young adult worms were transferred into a
depression slide containing 100pL liquid NGM and allowed to acclimate for 2-3 minutes. A baseline video recording was
captured from a stereomicroscope before addition of 5uL. of ddH,O (control) or 8.4M EtOH to achieve 400mM EtOH. A
second recording was taken 10 minutes following ethanol exposure. Thrashing, defined as head movement from one side to
the other, was counted for 30 seconds to determine thrashing rates. 30 worms were assessed in each strain and ethanol
condition across 6 individual replicates. Thrashing rates were compared using 1-way ANOVA and Tukey's multiple
comparisons in Prism (GraphPad).

Reagents

STRAIN GENOTYPE AVAILABLE FROM
N2 Caenorhabditis elegans wild isolate CGC

CB1112 cat-2(el112) 11 CGC

RM2702 dat-1(ok157) 111 CGC

Acknowledgements: We thank Brian Hiester for thoughtful reviewing and the Caenorhabditis Genetics Center (CGC) at the
University of Minnesota for the worm strains used in this study.

References

Abrahao KP, Salinas AG, Lovinger DM. 2017. Alcohol and the Brain: Neuronal Molecular Targets, Synapses, and Circuits.
Neuron 96(6): 1223-1238. PubMed ID: 29268093

Bettinger JC, McIntire SL. 2004. State-dependency in C. elegans. Genes Brain Behav 3(5): 266-72. PubMed ID: 15344920

Carvelli L, Matthies DS, Galli A. 2010. Molecular mechanisms of amphetamine actions in Caenorhabditis elegans. Mol
Pharmacol 78(1): 151-6. PubMed ID: 20410438

Davies AG, Pierce-Shimomura JT, Kim H, VanHoven MK, Thiele TR, Bonci A, Bargmann CI, McIntire SL. 2003. A central
role of the BK potassium channel in behavioral responses to ethanol in C. elegans. Cell 115(6): 655-66. PubMed ID: 14675531

Egervari G, Siciliano CA, Whiteley EL, Ron D. 2021. Alcohol and the brain: from genes to circuits. Trends Neurosci 44(12):
1004-1015. PubMed ID: 34702580

Engleman EA, Katner SN, Neal-Beliveau BS. 2016. Caenorhabditis elegans as a Model to Study the Molecular and Genetic
Mechanisms of Drug Addiction. Prog Mol Biol Transl Sci 137: 229-52. PubMed ID: 26810004

Johnson JR, Kashyap S, Rankin K, Barclay JW. 2013. Rab-3 and unc-18 interactions in alcohol sensitivity are distinct from
synaptic transmission. PLoS One 8(11): e81117. PubMed ID: 24244732

Kudumala S, Sossi S, Carvelli L. 2019. Swimming Induced Paralysis to Assess Dopamine Signaling in Caenorhabditis
elegans. J Vis Exp(146): 10.3791/59243. PubMed ID: 31009010

Lee J, Jee C, Mclntire SL. 2009. Ethanol preference in C. elegans. Genes Brain Behav 8(6): 578-85. PubMed ID: 19614755

McDonald PW, Hardie SL, Jessen TN, Carvelli L, Matthies DS, Blakely RD. 2007. Vigorous motor activity in Caenorhabditis
elegans requires efficient clearance of dopamine mediated by synaptic localization of the dopamine transporter DAT-1. J
Neurosci 27(51): 14216-27. PubMed ID: 18094261

McMillen A, Chew YL. 2024. Neural mechanisms of dopamine function in learning and memory in Caenorhabditis elegans.
Neuronal Signal 8(1): NS20230057. PubMed ID: 38572143

Mitchell PH, Bull K, Glautier S, Hopper NA, Holden-Dye L, O'Connor V. 2007. The concentration-dependent effects of
ethanol on Caenorhabditis elegans behaviour. Pharmacogenomics J 7(6): 411-7. PubMed ID: 17325734

National Survey on Drug Use and Health, administered by Substance Abuse and Mental Health Services Administration.
2022. Table 5.9A—Alcohol use disorder in past year: among people aged 12 or older; by age group and demographic
characteristics, numbers in thousands, 2022 and 2023. [cited 2025 Jun 1]. Available from:
https://www.samhsa.gov/data/report/2023-nsduh-detailed-tables


http://www.wormbase.org/db/get?name=WBStrain00000001;class=Strain
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=6239
http://www.wormbase.org/db/get?name=WBStrain00004246;class=Strain
http://www.wormbase.org/db/get?name=WBGene00000296;class=Gene
http://www.wormbase.org/db/get?name=WBVar00143753;class=Variation
http://www.wormbase.org/db/get?name=WBStrain00033394;class=Strain
http://www.wormbase.org/db/get?name=WBGene00000934;class=Gene
http://www.wormbase.org/db/get?name=WBVar00091482;class=Variation
https://www.ncbi.nlm.nih.gov/pubmed/29268093
https://www.ncbi.nlm.nih.gov/pubmed/15344920
https://www.ncbi.nlm.nih.gov/pubmed/20410438
https://www.ncbi.nlm.nih.gov/pubmed/14675531
https://www.ncbi.nlm.nih.gov/pubmed/34702580
https://www.ncbi.nlm.nih.gov/pubmed/26810004
https://www.ncbi.nlm.nih.gov/pubmed/24244732
https://www.ncbi.nlm.nih.gov/pubmed/31009010
https://www.ncbi.nlm.nih.gov/pubmed/19614755
https://www.ncbi.nlm.nih.gov/pubmed/18094261
https://www.ncbi.nlm.nih.gov/pubmed/38572143
https://www.ncbi.nlm.nih.gov/pubmed/17325734

microPublication
BIOLOGY
7/2/2025 - Open Access

Nutt DJ, Lingford-Hughes A, Erritzoe D, Stokes PR. 2015. The dopamine theory of addiction: 40 years of highs and lows. Nat
Rev Neurosci 16(5): 305-12. PubMed ID: 25873042

Pandey P, Singh A, Kaur H, Ghosh-Roy A, Babu K. 2021. Increased dopaminergic neurotransmission results in ethanol
dependent sedative behaviors in Caenorhabditis elegans. PLoS Genet 17(2): e1009346. PubMed ID: 33524034

Scholz H. 2019. Unraveling the Mechanisms of Behaviors Associated With AUDs Using Flies and Worms. Alcohol Clin Exp
Res 43(11): 2274-2284. PubMed ID: 31529787

Shrader SH, Tong YG, Duff MB, Freedman JH, Song ZH. 2020. Involvement of dopamine receptor in the actions of non-
psychoactive phytocannabinoids. Biochem Biophys Res Commun 533(4): 1366-1370. PubMed ID: 33097185

Stiernagle T. 2006. Maintenance of C. elegans. WormBook: 1-11. PubMed ID: 18050451

Topper SM, Aguilar SC, Topper VY, Elbel E, Pierce-Shimomura JT. 2014. Alcohol disinhibition of behaviors in C. elegans.
PLoS One 9(3): €92965. PubMed ID: 24681782

Funding: The work was supported by the Luther College Biology Department and the Russell R. Rulon Endowed Chair in
Biology held by SF.

Author Contributions: Deepa Gayadin: conceptualization, data curation, investigation, writing - original draft. McKenna
Prunty: conceptualization, data curation, investigation, writing - original draft. Stephanie JB Fretham: data curation, formal
analysis, investigation, supervision, writing - review editing.

Reviewed By: Anonymous
Nomenclature Validated By: Anonymous
WormBase Paper ID: WBPaper00068302

History: Received June 3, 2025 Revision Received June 19, 2025 Accepted June 30, 2025 Published Online July 2, 2025
Indexed July 16, 2025

Copyright: © 2025 by the authors. This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Citation: Gayadin D, Prunty M, Fretham SJ. 2025. Role of dopamine in responsiveness to acute ethanol exposure in
Caenorhabditis elegans. microPublication Biology. 10.17912/micropub.biology.001675



https://www.ncbi.nlm.nih.gov/pubmed/25873042
https://www.ncbi.nlm.nih.gov/pubmed/33524034
https://www.ncbi.nlm.nih.gov/pubmed/31529787
https://www.ncbi.nlm.nih.gov/pubmed/33097185
https://www.ncbi.nlm.nih.gov/pubmed/18050451
https://www.ncbi.nlm.nih.gov/pubmed/24681782
https://doi.org/10.17912/micropub.biology.001675

