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Ethanol sensitizes the nervous system of C. elegans to heat stress, which manifested in ex-
acerbation of locomotion disturbances induced by exposure to constant temperature 36oC. 
Adaptation of C. elegans to high temperature by heat shock (1 h at 32oC and 1 h at 18oC) or 
two-hour exposure at 30oC resulted considerably reduced sensitivity of the nervous system 
to the negative effects of ethanol under conditions of heat stress.
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Increase in season and diurnal maximal temperatures 
negatively affecting humans and animals is a conse-
quence of global climate warming. Alcohol sensitize 
the organism to thermal infl uences and is a known 
risk factor heat and sun strokes [4,6]. The mechanisms 
for this sensitization are little studied, because the 
etiology of heat disorders remains unclear in many in-
stances due to extreme complexity of negative effects 
of hyperthermia [2,14]. At the same time, it is known 
that the nervous system is the target for the effects of 
ethanol on human and animal behavior [10,11], there-
fore sensitization of the nervous system to heat stress 
by ethanol can be responsible for potentiation of the 
effects of hyperthermia on human body. Molecular 
mechanisms of integrative functions in living organ-
isms and adaptation of the nervous system to stress are 
highly conservative, therefore simple nervous system 
of free living soil nematode Caenorhabditis elegans is 
widely used as a convenient model of complex pro-
cesses taking place in the nervous system of humans 
under normal and pathological conditions [5,15].

The objective of the study was to demonstrate that 
ethanol sensitizes the nervous system of C. elegans 
to heat-induced dysfunctions and that adaptation of 

worms to high temperature protects their nervous sys-
tem from the negative effects of alcohol under condi-
tions of extreme increase in environment temperature.

MATERIALS AND METHODS

C. elegans, wild strain N2, were cultured at 18oC in 
Petri dishes with standard nematode medium (SNM) 
[3] containing E. coli OP50. The experiments were car-
ried out on 3-day worms in a temperature-controlled 
(0.1oC accuracy) water bath at constant temperature; 
the animals were incubated one by one in 1 ml SNM 
without agar, peptone, and cholesterol. Thermostabil-
ity of locomotion was assessed at constant temperature 
(36oC) by the following parameters: mean time until 
loosing the ability to mechanically induced (vial shak-
ing) swimming and the mean time to complete, but 
reversible immobilization of the worms. The worms 
were adapted to high temperature by 2-h exposure at 
30oC or by heat shock (1 h at 32oC and 1 h at 18oC). 
The data were processed statistically uning Student’s 
t test.

RESULTS

The exposure of C. elegans to constant high tempera-
ture (36oC) resulted in reversible impairments of worm 
locomotion induced by mechanic stimulus: they lost 
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the ability to swim, but still responded to mechanical 
stimulus by moving a part of the body or the whole 
body (single movement), and then led to complete im-
mobilization (Fig. 1). Addition of 0.12-1.0% ethanol 
to the medium aggravated locomotion disturbances 
induced by high temperature: we observed a decrease 
in the time to loosing swimming capacity without im-
pairment of the response to stimulus and the time to 
complete immobilization of worms during exposure to 

36oC (Fig. 1). At 18oC, ethanol in a concentration >3% 
induced locomotion disturbances similar to those ob-
served after exposure to high temperature. Therefore, 
our experiments revealed not synergism in the effects 
of ethanol and high temperature on C. elegans beha-
vior, but sensitization of the worms to negative effects 
of hyperthermia in the presence of alcohol. Adaptation 
of C. elegans to high temperature by 2-h exposure at 
30oC and heat shock considerably modulated alcohol 
sensitization of worms to extremely high temperature 
(Fig. 2). These effects manifested in reduced sensiti-
vity of locomotion thermostability to ethanol (Fig. 2) 
and in better adaptation to high temperature in the 
presence of alcohol in the medium (Fig. 3).

It is known, that as early as 20 min after addi-
tion of ethanol to the medium an equilibrium between 
alcohol penetration into the C. elegans body (limited 
by low permeability of the cuticle for ethanol) and 
ethanol metabolism is reached, at which ethanol con-
centration in the worm body is manifold lower than 
in the incubation medium [5]. After addition of 400 
mM ethanol to the medium, its concentration in the 
worm body is only 22 mM [5]; and this level is similar 
to blood alcohol concentrations in human and rodent 
affecting their behavior [10,11]. At 20oC, ethanol in a 
concentration range of 0.45-2.0% reduced spontane-
ous motor activity of C. elegans without impai ring 
their locomotion induced by mechanic stimulus [5]. 
The main mechanism for this reduction is alcohol sti-
mulation of SLO-1 channels regulating secretion of 
neurotransmitters [5]. For this reason, stimulation of 
SLO-1 channels is a possible mechanisms of sensi-
tization of the nervous system of C. elegans to heat 
stress. These Ca2+-activated potassium channels with 
high conductivity are expressed in all types of neurons 
in C. elegans [7], and their stimulation with ethanol, 
therefore, can modify some forms of behavior, includ-
ing its sensitization to heat stress. This sensitization 
occurs at alcohol concentrations (0.12%) below those 
effective for reduction of spontaneous motor activity 
in worms. At the same time, there are another possible 
mechanisms of potentiation of high temperature ef-
fects on the worm nervous system by ethanol, because 
in rodent nerve cells ethanol affects not only Ca2+-
activated high-conductance K+-channels [7], but also 
GABA, serotonin, and NMDA receptors [10,11,15], 
which are also expressed in simple nervous system of 
C. elegans.

The increase in thermostability of invertebrate be-
havior after high-temperature exposure or other stress 
exposures, including hypoxia, is determined by adap-
tation processes improving resistance of integrative 
functions of the nervous system to thermal infl uences, 
which do not affect neuronal viability, but disturb in-
terneuronal and neuromuscular synapses [1,9,12,13]. 

Fig. 1. Sensitization of C. elegans locomotion to heat-induced 
disturbances after addition of ethanol to the medium. 1) mean time 
to loosing swimming capacity without impairment of the reaction to 
mechanical stimulus at 36oC; 2) mean time to complete immobili-
zation of the worms at 36oC; 30 worms were used in each group.

Fig. 2. Effects of adaptation to high temperature on C. elegans 
sensitivity to ethanol under conditions of extreme temperature 
rise. a) control worms; b) worms after heat shock; c) worms after 
2 h exposure at 30oC. Here and at Fig. 3: Ordinate: mean time to 
loosing swimming capacity without impairment of the reaction to 
mechanical stimulus at constant temperature 36oC; 30 worms were 
used in each group.
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Pronounced effect of heat shock and the short-term 
moderate temperature rise up to 30oC on the sensitivity 
of locomotion thermostability to alcohol (Fig. 2 and 3) 
suggests that adaptation of the worm nervous system 
to temperature stresses also includes an increase in its 
resistance to negative effects of alcohol manifesting 
under conditions of extreme temperature rise. This 
stress reaction of C. elegans nervous system may be 
a consequence of processes induced by stress in in-
vertebrate nervous systems and manifest in increased 
thermostability of synaptic connection and reduced 
permeability of glial and neuronal membranes for K+ 
ions [1,9,12,13]. The decrease in neuronal membrane 
permeability for K+ ions can be responsible for re-
duced sensitivity to alcohol after heat shock and ex-
posure at 30oC, if stimulation of SLO-1 K+-channels 
is the target for ethanol action on thermostability of 
locomotion.

Ethanol appears not only as widely spread “medi-
cation” with numerous side effects, but also as im-
portant component of dwelling place of such inver-
tebrates as Drosophila, etc. [11]. In this connection, 
alcohol sensitization of C. elegans nervous system to 
heat stress revealed in our study may appear in inver-
tebrates living in media characterized by fermentation 
processes as well as extreme rises of environmental 
temperature, seasonal or diurnal. Examples of such in-
vertebrates include Drosophila [5] and closely related 
to C. elegans Caenorhabditis drosophilae [8].

It can be hypothesized that alcohol also potentia-
tes the negative effects of hyperthermia on complex 

nervous systems and this can explain sensitization of 
humans and rodents to heat stroke by alcohol [4,6]. In 
this case, C. elegans can be a suitable model for the 
study of complex effects of hyperthermia and alcohol 
on the nervous system.
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Fig. 3. Effects of ethanol on the efficiency of adaptation to high temperature. a) heat shock, b) exposure at 30oC.
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