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Abstract

Ethanol is one of the most widely used drugs in the world. Ethanol induces profound

physiological and behavioural responses in invertebrate model organisms, such as

Caenorhabditis elegans and Drosophila melanogaster. Lumbriculus variegatus (Annelida,

Oligochaete) is an aquatic worm which shows behavioural responses to common

drugs and thus is potentially useful in pharmacological research. The effects of etha-

nol are unknown in this organism. In this study, we examine the effects of acute

exposure to ethanol (0–500 mM) on the stereotypical movements and locomotor

activity of L. variegatus and examine the concentration- (0–500 mM) and time-

dependent (0–210 min) effects of ethanol in L. variegatus. We show that ≥250 mM

ethanol reversibly reduced the ability of tactile stimulation to elicit stereotypical

movements, namely body reversal and helical swimming and locomotor activity

(p < 0.05, N = 8). We also found that 2 min of exposure to ≥250 mM ethanol rapidly

induces steady-state hypokinesis (p < 0.05, N = 11) and confirm ethanol absorption

into L. variegatus tissues. Additionally, we also observed acute ethanol tolerance after

150 min of exposure to 500 mM ethanol (p < 0.05, N = 24). This study is the first to

report the behavioural effects of ethanol in L. variegatus. Our results show that this is

a model organism for use in ethanol studies, providing further evidence for its utility

in pharmacological research.
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1 | INTRODUCTION

Ethanol is one of the most widely used drugs in the world.1 Ethanol

produces concentration- and time-dependent effects on locomotion

and behaviour of invertebrate model organisms such as Caenorhabditis

elegans and Drosophila melanogaster, with effects comparable to those

of higher organisms.2–4 While ethanol does not exert its pharmacolog-

ical effect through one specific receptor, many partial mechanisms of

action have been proposed, for example, inhibition of glutamatergic

signalling,5,6 potentiation of cAMP signalling7 modulation of

neuropeptide-Y related pathways,8,9 GABAergic synaptic inhibition10

and membrane perturbation.11

Acute ethanol exposure in C. elegans has been shown to decrease

locomotion and pharyngeal pumping3,12 with similar effects observed

in Drosophila.9,13 Low-dose exposure to ethanol (17–52 mM) pro-

duces hyperactivity in C. elegans while concentrations ≥100 mM
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decrease motility.3,14–16 These low doses of ethanol are physiologi-

cally relevant to human studies, with 0.1% blood alcohol (correspond-

ing to 21.7 mM ethanol) being a common legal driving limit.2 Like

vertebrates such as humans, rats and mice, C. elegans and Drosophila

develop tolerance to ethanol.4,8 Ethanol tolerance is a reduction in the

intensity of the effects of ethanol upon continuous or repeated expo-

sure and can be divided into three forms; acute, rapid and chronic.

Acute, or in session, tolerance occurs during exposure to ethanol;

rapid tolerance is expressed after a single exposure and subsequent

metabolism of ethanol; while chronic tolerance occurs after repeated

ethanol exposures.17–20 All three types of tolerance have been

observed in C. elegans and Drosophila.4,8,14,21–23

L. variegatus is an aquatic, regenerative, asexually reproducing

annelid worm inhabiting shallow freshwater ponds, lakes and

marshes24 which has been used as an ecological indicator species25–30

but is increasingly being used to study pharmacologically active

compounds.31–34 These studies have utilised behavioural parameters

such as locomotor activity, stereotyped behaviours of body reversal

and helical swimming, feeding and reproduction as experimental end-

points. L. variegatus represented a novel invertebrate organism for

whole organism in vivo research that presents some advantages over

other invertebrate organisms, such as the larger size of L. variegatus

(50–80 mm) compared with C. elegans (�1 mm) which allows for eval-

uation of individual organism effects when exposed to pharmacologi-

cal compounds without the requirement for microscopy equipment or

use of multiple organisms per test condition.34 Moreover, the liquid

culture in which L. variegatus are exposed to compounds allows for

improved accuracy of drug exposure, as use of solid nematode growth

medium plates, often used in studies of C. elegans, is often an under-

estimate and not directly experimentally comparable to the same con-

centration in a liquid medium.35

In the present study, we characterise the behavioural effects of

acute ethanol exposure using methodology analogous to studies

observing concentration-dependent effects of ethanol in C. elegans.3

We show, for the first time, the effects of concentrations of ethanol

that produces intoxication in humans12 and ethanol concentrations

previously used in studies of C. elegans3 within L. variegatus. We pre-

sent the effects of ethanol exposure on the effect of tactile stimula-

tion to evoke stereotypical behaviours24 and locomotor activity.34 For

the first time, we describe concentration and time-dependent effects

in response to acute ethanol exposure and ethanol absorption in the

novel Lumbriculus variegatus model. Furthermore, we also show that,

as in C. elegans and Drosophila, ethanol exposure can produce acute

tolerance in L. variegatus.4,8,15

2 | MATERIALS AND METHODS

2.1 | L. variegatus culture

L. variegatus were purchased from Alfa Fish Foods and laboratory-

reared in artificial pond composed of 1 mM NaCl; 13 μM KCl, 4 μM

Ca(NO3)�4H2O; 17 μM Mg(SO4)�7 H2O; 71 μM HEPES buffer in

UV-treated deionised water produced by Elix® Essential 3 UV

Water Purification System.34 Cultured were maintained at room tem-

perature (18–21�C), subject to a 16:8-h light–dark cycle and fed Tet-

raMin flakes and 10 mg/L spirulina weekly. Artificial pond water was

subject to continuous aeration and water filtration using commercial

air stones and aquarium filters, respectively. The pH was not moni-

tored or adjusted once the worms were placed in the water.34 Popula-

tions were maintained for a minimum of 3 months before

experimentation to limit colony variation and to allow for population

growth by asexual reproduction.27,34 Prior to testing, individual worms

were randomly selected, lacked any obvious morphological defects

and ranged from 2 to 8 cm in length as per previous studies.27,31,34

2.2 | Materials

Ethanol (≥99.8%) was obtained from Fisher Scientific (Leicestershire,

United Kingdom) and diluted in artificial pond water. Artificial pond

water was used as a vehicle control.

2.3 | Ethanol effects on L. variegatus stereotypical
movement

Experiments were conducted as previously described by Seeley

et al.34 Briefly, 18–24 h before experimentation, individual

L. variegatus was placed in each well of a Cellstar® 6-well plate

(Greiner Bio-One) containing 4 mL of artificial pond water and kept at

room temperature, subject to a 16:8-h light–dark. After this acclima-

tion period, the pond water was replaced and the baseline ability of

the worm to respond to tactile stimulation was tested using with a

20–200 μL plastic pipette tip, alternately stimulating the anterior or

posterior of the body. The artificial pond water was then removed

and immediately replaced with the vehicle control (artificial pond

water only) or ethanol (0–25 mM or 0–500 mM). After a 10-min incu-

bation, the worms were tested again using the same procedure. Solu-

tions were aspirated from the well, and to remove any latent ethanol,

fresh pond water was added, immediately aspirated and replaced with

fresh artificial pond water. L. variegatus were then retested 10 min

(10 min recovery) and 24 h (24 h recovery) after incubation in artificial

pond water. Data were expressed as a ratio of the movement score

while in treatment relative to baseline.

2.4 | Ethanol effects on L. variegatus locomotor
activity

Experiments were conducted as previously described by Seeley

et al.,34 with the acclimatisation period the same as outlined above.

Following this acclimation period, artificial pond water was replaced

with 2 mL fresh artificial pond water to limit movement in the z-axis,

and baseline locomotor activity was recorded by rapid, sequential

image collection with a 13-megapixel camera at a rate of one image
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per second for 50 s. Images were then collected 10 min after removal

and immediate replacement of artificial pondwater with the vehicle

control (artificial pond water only) or ethanol (0–25 mM or 0–

500 mM). Solutions were then removed, the wells washed and fresh

artificial pond water added. Images were taken after 10 min (10 min

recovery) and 24 h (24 h recovery) in artificial pond water.

Collected images were then analysed using ImageJ software by

superimposing images taken each time point and using an area of

known distance within each image to calibrate ImageJ to pixels per

centimetre within each superimposed image set. To determine the

area traversed by each worm, the foreground and background were

separated using the thresholding functionality of ImageJ to separate

the pixels activated by L. variegatus from those activated by the 6-well

plate. The total area covered by the L. variegatus before ethanol expo-

sure, during ethanol exposure and both recovery timepoints was then

determined based on the calibration of pixels/cm within ImageJ. Data

were expressed as a percentage of the locomotor activity by L. varie-

gatus compared with baseline conditions.

2.5 | Onset of ethanol action

18–24 h before experimentation, one L. variegatus worm was placed

in each well of a Cellstar® 6-well plate (Greiner Bio-One) containing

artificial pond water only. Plates were subject to a 16:8-h light–dark

cycle and kept at room temperature. After this acclimation period,

artificial pond water was aspirated and replaced with fresh artificial

pond water. Locomotor activity before drug treatment (0 min) was

recorded by rapid, sequential image collection using a 13-megapixel

camera at a rate of one image per second for 50 s. Image collection

was repeated at 2-min intervals following the removal of artificial

pond water and immediately replacing artificial pond water with etha-

nol (0–500 mM) or vehicle control. Images were analysed as previ-

ously described34 with data expressed as a percentage of the

locomotor activity covered by L. variegatus at 0 min.

2.6 | Ethanol absorption

Ethanol absorption was measured using a commercial colourimetric

assay (MAK076, Sigma-Aldrich, Dorset, United Kingdom). In this

assay, ethanol absorption was detected by a coupled enzyme reac-

tion, which results in a colourimetric (570 nm) product, proportional

to the ethanol present. Briefly, 18–24 h before experimentation, five

L. variegatus per condition were added to a CellStar® 6-well plate

(Greiner Bio-One). L. variegatus were exposed to artificial pond

water or 500 mM ethanol and transferred to a 1.5 mL Eppendorf

tube before being briefly washed with 500 μL of ice-cold artificial

pond water twice. Following washing, L. variegatus were homoge-

nised using a Cole-Parmer® motorised pestle mixer in 50 μL of ice-

cold artificial pond water. Homogenates were centrifuged at 16.1

RCF for 15 min and combined with Master Reaction Mix, the solu-

tion was mixed well using a horizontal shaker and incubated for

60 min at room temperature, and the absorbance was measured at

570 nm using a FLUOstar Omega microplate reader (BMG Labtech).

The absorbances obtained were from three experimental repeats

run in duplicate. Reported values are displayed per mg of protein, or

relative to 10 min of exposure to 500 mM ethanol, with total pro-

tein content of L. variegatus homogenates quantified following Brad-

ford's method36 using bovine serum albumin as the standard for

quantification.

2.7 | Acute tolerance to ethanol

18–24 h before experimentation, one L. variegatus worm was placed

in each well of a Cellstar® 6-well plate (Greiner Bio-One) containing

artificial pond water only, acclimatised and untreated baseline move-

ment recorded before exposure (0 min) as described above.

L. variegatus locomotor activity was then recorded after 10 min of

exposure to 500 mM ethanol and at 20-min intervals up to 210 min

of ethanol exposure.

2.8 | Statistical analysis

Statistical analysis was performed in GraphPad Prism 10 with p < 0.05

as the threshold for statistical significance.

3 | RESULTS

3.1 | Behavioural response to ethanol exposure

First, we sought to determine if L. variegatus would display beha-

vioural effects when exposed to ethanol concentrations equivalent to

physiologically relevant concentrations in humans by examining the

effects of tactile stimulation to elicit L. variegatus stereotypical move-

ments, and effects on locomotory activity.

We observed that acute 10-min exposure to low-dose ethanol

concentrations (0–25 mM) did not significantly affect the ability of

L. variegatus to perform body reversal or helical swimming movements

in response to tactile stimulation (p > 0.05, Figure 1A,B, N = 8). No

effects on stereotypical movements were observed 24 h after expo-

sure to ethanol (p > 0.05, Figure 1C,D, N = 8).

Locomotor activity of L. variegatus was similarly unaffected when

exposed to ≤25 mM ethanol (p > 0.05, Figure 1F, N = 8). Moreover,

24 h after ethanol removal, locomotor activity was indistinguishable

from pre-exposure locomotion (p > 0.05, Figure 1G, N = 8).

Having observed that to ≤25 mM ethanol did not have sig-

nificant effects on L. variegatus, we sought to determine if

higher concentrations of ethanol commonly used in studies of

C. elegans would have an effect on this species. At higher con-

centrations of ethanol (25–500 mM), acute 10-min exposure

resulted in the reduced ability of tactile stimulation to elicit ste-

reotypical movements at 250 and 500 mM (p < 0.05,
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F IGURE 1 The effect of 10 min exposure to 0–25 mM ethanol on Lumbriculus variegatus behaviour. L. variegatus were exposed to ethanol
(0–25 mM) for 10 min and tested for the ability of tactile stimulation to elicit (A) body reversal or (B) helical swimming. Ethanol was then removed
and the ability of L. variegatus to perform (C) body reversal or (D) helical swimming was tested after 10 min and 24 h. Data were expressed as a
ratio of the movement score after exposure relative to the movement score at baseline. (E) Representative superimposed images analysed in
ImageJ showing the effect of 10 min of exposure to ethanol on locomotor activity measured before ethanol exposure (baseline), after 10 min of
exposure to 0–25 mM ethanol (10 min ethanol exposure), 10 min after ethanol removal (10 min recovery) and 24 h after ethanol removal (24 h
recovery). Quantification of the area covered by L. variegatus following (F) 10 min of exposure to 0–25 mM ethanol and (G) removal of ethanol
for 10 min and 24 h are expressed as a percentage of the area covered at baseline. Analyses were conducted by comparing ethanol exposure
conditions to baseline conditions by paired non-parametric two-tailed t-test for stereotypical movement assays and paired parametric two-tailed
t-test for locomotor activity. A two-way ANOVA with Dunnett's post-test was used to analyse 10-min and 24-h recovery time points compared
with baseline conditions for L. variegatus. Error bars represent the standard error of the mean, N = 8 for each concentration. Veh: Artificial pond
water only.
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F IGURE 2 The effect of 10 min exposure to 0–500 mM ethanol on Lumbriculus variegatus behaviour. L. variegatus were exposed to ethanol
(0–500 mM) for 10 min and tested for the ability of tactile stimulation to elicit (A) body reversal or (B) helical swimming. Ethanol was then
removed and the ability of L. variegatus to perform (C) body reversal or (D) helical swimming was tested after 10 min and 24 h. Data were
expressed as a ratio of the movement score after exposure relative to the movement score at baseline. (E) Representative superimposed images
analysed in ImageJ showing the effect of 10 min of exposure to ethanol on locomotor activity measured before ethanol exposure (baseline), after
10 min of exposure to 0–500 mM ethanol (10 min ethanol exposure), 10 min after ethanol removal (10 min recovery) and 24 h after ethanol
removal (24 h recovery). Quantification of the area covered by L. variegatus following (F) 10 min of exposure to 0–500 mM ethanol and
(G) removal of ethanol for 10 min and 24 h are expressed as a percentage of the area covered at baseline. Analyses were conducted by
comparing ethanol exposure conditions to baseline conditions by paired non-parametric two-tailed t-test for stereotypical movement assays and
paired parametric two-tailed t-test for locomotor activity. A two-way ANOVA with Dunnett's post-test was used to analyse 10-min and 24-h
recovery time points compared with baseline conditions for L. variegatus. * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001. Error bars
represent the standard error of the mean, N = 8 for each concentration. Veh: Artificial pond water only.

SEELEY ET AL. 5 of 9

 1601183x, 2024, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/gbb.70006 by Sw

ansea U
niversity Inform

ation, W
iley O

nline L
ibrary on [29/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Fgbb.70006&mode=


Figure 2A,B, N = 8). The observed effects were reversible when

ethanol was removed and replaced with artificial pond water for

10 min, with tactile stimulation eliciting stereotypical move-

ments at a level indistinguishable from baseline conditions

(p > 0.05, Figure 2C,D, N = 8). Additionally, no effects of acute

ethanol exposure were observed on the ability of tactile stimula-

tion to reduce stereotypical movement 24 h after exposure

(p > 0.05, Figure 2C,D, N = 8).

L. variegatus locomotor activity was significantly reduced to

53.73 ± 7.05% (t7 = 6.28, p = 0.0004, N = 8) and 47.76 ± 5.42%

(t7 = 9.46, p < 0.0001, N = 8) after exposure to 250 mM and

500 mM ethanol, respectively, compared with untreated, baseline

conditions (Figure 2F). Ten min after the removal of ethanol,

L. variegatus locomotor activity returned to pre-exposure levels

(p > 0.05, Figure 2G, N = 8).

3.2 | Onset of ethanol effects

Having observed the effects of ethanol on stimulated stereotypical

behaviour and locomotor activity in L. variegatus, we sought to deter-

mine the time-dependent onset of ethanol action. Ethanol exerted

inhibitory effects on the locomotor activity of L. variegatus at 250 mM

and 500 mM after 2 min with movement reduced by 35.59% ± 6.45%

and 35.10% ± 8.70%, respectively (F(3.65,36.54) = 3.744, p < 0.05,

Figure 3, N = 11). Hypokinesis was observed at 250 and 500 mM eth-

anol at all time points (p < 0.05, Figure 3, N = 11).

Inhibitory effects of ethanol on L. variegatus locomotion reached

a steady-state after 2 min of exposure to 250 and 500 mM ethanol,

no significant differences were observed between the hypokinetic

effects at 2 min compared with all other time points up to 10 min of

exposure (p > 0.05, Figure 3, N = 11).

3.3 | Ethanol absorption by L. variegatus

Having observed that 500 mM ethanol reduced the ability of tactile

stimulation to elicit stereotypical movement and decreased locomotor

activity behaviours of L. variegatus after 10 min of exposure (Figures 2

and 3), we sought to determine whether ethanol was producing these

behavioural outcomes as a result of internal or external effects on the

organism. Using a protocol adapted from Mitchell et al.,3 we found

that 10 min of 500 mM ethanol exposure resulted in an ethanol con-

centration of 9.33 ± 1.09 mM/mg of L. variegatus whole tissue

homogenate.

3.4 | Acute Tolerance

We observed that when L. variegatus was continuously exposed to

500 mM ethanol for 10 min, locomotor activity decreased to 37.65

± 3.28% compared with pre-exposure conditions (t23 = 19.04,

p < 0.0001, Figure 4, N = 24). For all time points, exposure to

500 mM ethanol produced significant hypokinetic effects in

L. variegatus compared with untreated controls (p < 0.0001, Figure 4,

N = 24). However, locomotor activity during 500 mM ethanol expo-

sure significantly increased over time. After 150 min of ethanol

exposure, locomotion increased to 57.13 ± 5.65% of pre-exposure

conditions (t23 = 4.44, p = 0.0002, Figure 4, N = 24). All time

points ≥ 150 min of ethanol exposure showed significant increases in

locomotor ability compared with 10 min of ethanol exposure

(p < 0.05, Figure 4, N = 24). Additionally, we observed that, even

when behavioural depression is lessened, ethanol absorption by

L. variegatus after 150 and 210 min of exposure were indistinguish-

able from the levels absorbed after exposure to 500 mM ethanol for

10 min (F(1.60,3.71) = 1.766, p > 0.05, N = 4).

F IGURE 3 The onset of concentration-dependent inhibitory effects of ethanol on Lumbriculus variegatus locomotor activity. L. variegatus
were exposed to ethanol (0–500 mM) for 10 min and locomotor activity was measured before ethanol exposure and every 2 min for 10 min of
exposure to 0–500 mM ethanol. Data were expressed as a percentage of the area covered before exposure (0 min). Analyses were conducted
using a one-way ANOVA with Dunnett's post-test comparing ethanol-treated L. variegatus to untreated controls (0 min). Steady-state effects of
ethanol exposure on L. variegatus locomotion were compared over time using a paired parametric two-tailed t-test compared with effects after
2 min of exposure to ethanol.*p < 0.05, **p < 0.01, ***p < 0.001. Error bars represent the standard error of the mean, N = 11 for each
concentration. Veh: Artificial pond water only.
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4 | DISCUSSION

In this study, we observed that ethanol administered at doses similar

to physiologically relevant concentrations in humans2 did not affect

L. variegatus ability to respond to tactile stimulation during or after

ethanol exposure (Figure 1A–D). Previous studies have shown that

low-dose ethanol can stimulate locomotion in C. elegans37 and Dro-

sophila38 but we observed no stimulatory effect on L. variegatus loco-

motion (Figure 1E–G). We have previously showed that 10 min of

exposure to drug compounds is sufficient to produce observable

effects in L. variegatus31,34 and this time point has been used in previ-

ous invertebrate ethanol studies.3,38

In C. elegans studies, high external concentrations of ethanol were

used because it is believed that there is poor absorbance through the

nematode cuticle,39 with the C. elegans cuticle presenting a barrier to

the entry of other drugs.3 Because of this, we used ethanol concentra-

tions similar to those used in previous C. elegans studies.3 We

observed that exposure to 250–500 mM alcohol reduced the ability

of tactile stimulation to elicit stereotypical movements of body rever-

sal and helical swimming, and locomotor activity of L. variegatus

(Figure 2) which mirrors findings in C. elegans.3 The inhibitory effects

of ethanol were readily reversible after 10 min in artificial pond water,

analogous to the response observed in C. elegans.3,6

Next, we sought to determine the time-dependent effects of

ethanol-induced hypokinesis of L. variegatus. We observed that

250 and 500 mM ethanol reached steady-state levels after 2 min of

exposure (Figure 3). This is a more rapid onset of action than findings

in C. elegans, which reached steady-state effects at 500 mM ethanol

after 5 min.3 The route of entry of ethanol into L. variegatus, as with

C. elegans, may be either directly across the cuticle and/or by inges-

tion through the mouth. The unlikelihood of such a rapid steady-state

by ingestion has previously been discussed3 and so equilibrium across

the cuticle is the more likely route of entry into L. variegatus. The rapid

onset of hypokinesis observed here may be because of the thinner

cuticle observed in L. variegatus compared with C. elegans, as showed

in transmission electron microscopy studies.40,41

We measured ethanol absorption in L. variegatus using an estab-

lished biochemical assay.42,43 Because of the thin cuticle of

L. variegatus in comparison to C. elegans, and high water solubility

of ethanol, this may result in an underestimation of ethanol absorp-

tion in the animal because of internalised ethanol equilibrating with

washing buffers, as previously proposed in similar studies of

C. elegans.3

Finally, we showed that when L. variegatus are exposed to

500 mM ethanol, they showed a period of initial sensitivity followed

by a recovery over time (Figure 4A,B). As the level of absorbed etha-

nol after 10 min of exposure was indistinguishable from levels after

150 and 210 min of ethanol exposure when behavioural depression

was lessened (Figure 4C), this indicates the emergence of acute, or in

session, tolerance.8,15,21 In this species, acute tolerance developed

F IGURE 4 Acute ethanol tolerance in Lumbriculus variegatus. (A) Representative superimposed images analysed in ImageJ showing locomotor
activity of L. variegatus exposed to 500 mM ethanol for up to 210 min. (B) Quantification of locomotor activity of L. variegatus exposed to
500 mM ethanol for 210 min with movement recorded at 20-min intervals after 10 min of exposure. Data were expressed as a percentage of the
area covered before ethanol exposure. Analyses compared baseline movements and movement after 10 min of exposure to ethanol using paired

parametric two-tailed t-tests. All time points were significantly different (p < 0.0001) when compared with pre-exposure locomotion., N = 24 for
each time point. (C) Quantification of absorbed ethanol per μg of L. variegatus relative to ethanol absorbance after 10 min exposure to 500 mM
ethanol. N = 4 with five L. variegatus per replicate, measured in duplicate. Analyses compared absorbed ethanol after 10 min of exposure to
absorbed ethanol at 150 min and 210 min using one-way ANOVA with Dunnett's post-test. Error bars represent the standard error of the mean.
ns, not significant, *p < 0.05, ***p < 0.001, ****p < 0.0001.
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after 150 min of continuous ethanol exposure which is slower than

studies in C. elegans which have showed acute tolerance within

30 min of exposure at concentrations equal to those used within this

study.8

Furthermore, L. variegatus present some advantages over other

invertebrate models used in ethanol studies. L. variegatus are larger in

size (50–80 mm) compared with C. elegans (�1 mm) enabling individ-

ual organisms to be analysed without the requirement of microscopy

equipment, while the thinner cuticle of L. variegatus compared with

C. elegans reduces this as a barrier for ethanol entry. Additionally,

fewer L. variegatus are required when studying the effects of ethanol;

for example, measuring ethanol absorption may require hundreds of

C. elegans3,8 while only five L. variegatus are required. Finally, in future

studies, L. variegatus may provide additional insights for ethanol stud-

ies because of their longer lifespan44 compared with C. elegans.

5 | CONCLUSION

In this study, we have used a combination of behavioural assays to

define concentrations of ethanol that result in hypokinesis of

L. variegatus while using established biochemical assays to quantify the

absorption of ethanol. We show the effects of ethanol exposure on

decreased response to tactile stimulation and depression of locomotory

activity. Moreover, we observe the emergence of acute tolerance.

Our results indicate that the behavioural responses of

L. variegatus are comparable to those of more extensively studied

invertebrate models, such as C. elegans and Drosophila, and those

seen in higher organisms. While genetic factors that mediate the

response to ethanol have been characterised in C. elegans and

Drosophila6,8,9,12,13,22,37 there is limited genomic information on

L. variegatus45–48 despite having a predicted genome size of larger

than the domestic mouse at 2.64 Gbp.49 Future studies may show

the utility of this novel model organism in the investigation of

ethanol's genomic and molecular effects as well as pharmacology

more broadly.
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