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Barium ions block potassium leak channels that contribute to the resting membrane potential in 
most animal cells (Armstrong and Taylor, 1980).  Here we examine the impact of barium on the 
resting membrane potential of crayfish superficial flexor muscles by replacing the calcium chloride 
in normal crayfish Ringer’s solution with barium chloride. Replacement of calcium chloride with 
barium chloride resulted in an increase in the resting membrane potential of the tail muscles. 
Increasing the concentration of barium chloride resulted in an increasingly more positive resting 
membrane potential.  To determine that this effect was not caused by the absence of calcium, 
barium chloride and calcium chloride were replaced with magnesium chloride in the Ringer’s 
solution. There was no significant difference in the resting membrane potential between the control 
and magnesium solutions. Barium has been linked with toxicity effects in humans leading to 
hypokalemia, which is a condition of having low potassium levels within the bloodstream. This 
may lead to cardiac arrhythmias and muscle weakness. This can be explained, in part, by the direct 
effect of barium on potassium channels.  
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Introduction 
 

Most cells, including neurons and muscle 
fibers, have a potential difference across their 
membrane at rest.  This resting membrane 
potential is a measure of the difference in voltage 
across the membrane and is determined by the 
concentration of ions inside and outside the cell. 
The cell membrane varies in its permeability to 
different ions which creates an unequal 
distribution of ions across the membrane. 
Potassium leak channels play a large role in 
influencing the membrane potential and are 
essential to neuromuscular function by 
controlling the duration, frequency, and 
amplitude of action potentials (Goldstein et al., 
2001). These leak channels have two pore 
forming domains and four transmembrane 
segments (Kim, 2005). Increasing the outward 
current of potassium ions stabilizes cells by 
keeping the cells below the threshold necessary 

to fire an action potential; however, inhibiting the 
potassium leak current increases the cell’s ability 
to depolarize and reach threshold (Goldstein et 
al., 2001). Multiple agents, including barium ions 
and volatile anesthetics such as halothane and 
isoflurane, have been shown to block or enhance 
these potassium leak channels, (Lesage, 2003).  

A study, by Jiang and MacKinnon 
(2000), utilized X-ray crystallography to 
demonstrate how barium ions block potassium 
leak channels. The potassium channel has a large 
selectivity filter that permits the flow of 
potassium ions through the channel. Barium is 
able to fit in the potassium channel but has a 
greater charge, inhibiting its ability to flow 
through completely. Therefore, barium blocks the 
leak channel and prevents the flow of potassium 
ions (Jiang and MacKinnon, 2000).  

The objective of the current study was to 
investigate the effect of barium chloride (BaCl2) 

on potassium leak channels in the superficial 
flexor muscles of the crayfish, Procambarus 
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clarkii. P. clarkii are widely available and have 
large, easy-to-record-from muscle fibers 
(Baierlein et al., 2011). Recording resting 
membrane potentials from crayfish tail muscles is 
a lab exercise used in many undergraduate 
neuroscience labs (e.g. Wyttenbach et al., 1999, 
Baierlein et al., 2011). We hypothesized that 
BaCl2 would block potassium leak channels in the 
tail muscle fibers in a concentration dependent 
manner, thus making their resting membrane 
potential more positive. We substituted BaCl2 for 
calcium chloride (CaCl2) in normal Ringer’s 
solution and then measured the change in resting 
membrane potential. To ensure that barium ions 
were the cause of the increase in resting 
membrane potential and not the absence of 
calcium, we replaced CaCl2 with magnesium 
chloride (MgCl2). Magnesium chloride does not 
inhibit potassium channels and has no effect on 
resting membrane potential (Jenden and Reger, 
1963). As expected, our results demonstrate that 
BaCl2 increases the resting membrane potential in 
crayfish tail muscles but MgCl2 has no effect. 
 
 
Material and Methods 
 
Preparation of Ringer’s Solutions 

Five different Ringer’s solutions were 
prepared for this experiment. These solutions 
were labeled control (normal Ringer’s solution), 
MgCl2 Ringer’s and BaCl2 Ringer’s. Table 1 
shows the make-up of these solutions. For the 
MgCl2 Ringer’s, the CaCl2 in the control solution 
was replaced with MgCl2. Three concentrations 
of BaCl2 Ringer’s were prepared. In the “low” 
BaCl2 Ringer’s solution (2.6 mM), BaCl2 replaced 
MgCl2. In the “medium” BaCl2 Ringer’s solution 
(13.5 mM), BaCl2 replaced CaCl2. For the “high” 
BaCl2 Ringer’s solution (16.1 mM), BaCl2 
replaced both MgCl2 and CaCl2. The Ringer’s 
solutions were stored in a refrigerator between 
uses and brought to room temperature on the day 
of testing.  
 
Crayfish preparation 
 The crayfish preparation was modified 
from Crawdad: A Cd-Rom Lab Manual for 
Neurophysiology (Wyttenbach et al., 1999). 
Eight crayfish were obtained from Carolina 

Biological Supply. Prior to beginning the 
experiment, one crayfish was placed in a lidded 
plastic container and moved to a freezer for ~15 
minutes to ensure the crayfish was immobilized 
before surgery. For dissection purposes a 
dissecting dish, scalpel, scissors, forceps, and 
surgical pins were used. The tail of the crayfish 
was cut off at the base of the abdomen and pinned 
ventral side up in a dissecting dish and covered 
with control Ringer’s solution. The swimmerets 
were removed using scissors. A tail section was 
chosen and an incision through the cuticle from 
the top of the section to the bottom along the 
ventral nerve cord was made using a scalpel. With 
the scalpel, the cuticle covering the section was 
carefully removed exposing the superficial flexor 
muscle fibers.  
 
Electrode Preparation 

Before each experiment silver wire bath 
electrodes and the silver wire in the electrode 
holder were chlorided by placing them in chlorine 
bleach. Before use, the chlorided silver wires 
were rinsed in deionized water.  Microelectrodes 
were pulled from borosilicate glass capillaries 
(WPI Inc.) using a Model P-87 Flaming/Brown 
Micropipette Puller (Sutter Instrument CO.) A 
syringe with a MicroFil needle (WPI Inc) was 
used to fill the microelectrode with 3M KCl. The 
microelectrode was inserted into a holder coupled 
to an Axon Instruments HS-2A headstage which, 
in turn, was connected to a GeneClamp 500 
amplifier (Axon Instruments). The headstage 
with the electrode was attached to a 
micromanipulator. The micromanipulator was 
used to lower the microelectrode into the 
dissecting dish filled with Ringer’s solution. The 
electrode resistance was measured with the 
amplifier. Only electrodes with a resistance 
between 5 and 20 MΩ were used.  

 
Resting Membrane Potential Recordings 
 The microelectrode was brought close to 
a muscle fiber with the micromanipulator. The 
fine tune knob on the micromanipulator was used 
to insert the microelectrode tip into the muscle 
fiber. Once the microelectrode was inserted into 
the muscle fiber, the resting membrane potential 
was read directly from the amplifier and 
recorded. To ensure that the microelectrode had 
not broken after each recording, its resistance was 
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re-measured. If the resistance fell far below its 
initial resistance, the microelectrode was 
discarded.  

The resting membrane potential was 
measured from five different muscle fibers in a 
tail section. A different tail section was used with 
each of the solutions tested. Crayfish were 
exposed to the control solution, and then exposed 
to either MgCl2 Ringer’s, “Medium” BaCl2 
Ringer’s or both. An additional three crayfish 
were exposed to the control solution and the three 
concentrations of BaCl2 Ringer’s.  

After five recordings in the control 
solution were taken, the solution was removed 
from the dissecting dish and one of the 
experimental Ringer’s solutions was poured in 
and five more recordings were made from 
muscles in a new tail segment. The cuticle of the 
new segment was removed only after the control 
solution was poured out and the experimental 
Ringer’s solution was poured in to ensure that the 
resting membrane potential was not affected by 
leftover control Ringer’s solution. Between each 
trial the crayfish tail was allowed to rest in the 
solution for 10 minutes. 

 
Table 1. Chemical Make-up of Each Solution Tested 

 

 
Data Analysis  

Three Two sample t-tests assuming 
unequal variance were run to determine 
significance on the data collected from the 
BaCl2/CaCl2/MgCl2 experiment. T-tests 
compared: control vs “medium” BaCl2, control vs 
MgCl2, and “medium” BaCl2 vs MgCl2. For the 
BaCl2 dose-response experiment, an ANOVA 
and TukeyHSD post-hoc analysis were 
conducted using R Core Team (2021), to analyze 
the effect of solution type on recorded membrane 
potential.  

 
 

Results 
 

The average percent difference between 
all trials using normal Ringer’s solution and 
BaCl2 Ringer’s (13.5 mM) was 60.30% (SD = 
1.31). The average percent difference between all 
trials of normal Ringer’s solution and MgCl2 

Ringer’s was 11.76% (SD = 3.24). There was a 
statistically significant increase in resting 
membrane potential between the normal Ringer’s 
solution (M = -31.96 mV, SD = 10.45 mV) and 
the BaCl2 Ringer’s solution(13.5 mM)  (M =  
-12.69 mV, SD = 3.82mV), t(33) = -8.34, p < 
0.0001.There was also a significant difference in 
resting membrane potential between the BaCl2 
Ringer’s (13.5 mM) solution and the MgCl2 

Ringer’s (M = -28.2 mV, SD = 8.20 mV), t(20) = 
6.64, p < 0.0001.There was no significant 



Page 4 of 6 
The effect of BaCl2 on the resting membrane potential of the superior flexor muscle of crayfish, Procambarus clarkii 

2022 

difference between the normal Ringer’s solution 
and the MgCl2 Ringer’s (p= 0.215) (see Figure 1).   
 
 

 
 

Figure 1: This graph displays the average resting membrane 
potential across all trials for the control, barium chloride, 
magnesium chloride solutions. The error bars display the 
standard deviation. The asterisk indicates there was a 
significant difference between the control and barium 
chloride solution (p < 0.0001) and the barium chloride and 
magnesium chloride solutions (p < 0.0001) 

 
 

There was a clear increase in the resting 
membrane potential with increasing 
concentrations of BaCl2 in the Ringer’s solution 
which was represented as a percent decrease in 
membrane potential from the control (see Figure 
2). With a BaCl2 concentration of 2.6 mM, there 
was a 29.0% decrease in the Membrane Potential. 
A BaCl2 concentration of 13.5 mM resulted in a 
33.7% decrease in membrane potential, and a 
BaCl2 concentration of 16.1 mM resulted in a 
61.2% decrease in the membrane potential.  
 
 

 
 
Figure 2: This graph demonstrates the average percent 
decrease in membrane potential across all replicates at 
varying levels of BaCl2. The error bars display the standard 
deviation.The asterisks indicate that there were significant 
differences between the normal solution and each level of 
BaCl2 (ps < 0.001). 

 
 

Discussion 
 

The resting membrane potential of a cell 
is a result of the unequal distribution of ions 
across its membrane and the difference in 
permeability of a membrane to different ions. 
Potassium leak channels are essential to 
neuromuscular function (Goldstein et al., 2001). 
They control excitability by controlling the 
duration, frequency, and amplitude of action 
potentials through the resting membrane 
potential. Since barium ions block potassium leak 
channels, we hypothesized that BaCl2 would raise 
the resting membrane potential of crayfish tail 
muscles.  Our results supported our hypothesis in 
that BaCl2 produced an increase in resting 
membrane potential of a cell, compared to the 
control groups. We also demonstrated that 
increasing concentrations of BaCl2 were followed 
by increase in the resting membrane potential. 

The large superior flexor muscles of 
crayfish allow for easy recording of resting 
membrane potentials and this preparation is 
commonly used in undergraduate neuroscience 



Page 5 of 6 
Impulse: The Premier Undergraduate Neuroscience Journal 

2022 
 

teaching labs to examine the effect of potassium 
ions on the resting membrane potential (e.g. 
Wyttenbach et al., 1999, Baierlein et al., 2011). 
We observed more positive resting membrane 
potentials in BaCl2 Ringer’s solution, than in the 
control Ringer’s or  MgCl2 Ringer’s solution. In 
order to ensure that the effect was due to BaCl2, a 
second control, in which CaCl2 was replaced with 
MgCl2 was utilized. MgCl2 was used because it 
does not have an effect on the resting membrane 
potential (Jenden and Reger, 1963). This 
demonstrates that the increase in resting 
membrane potential that was observed in the 
BaCl2 solution was not due to the lack of CaCl2. 
This further supports BaCl2’s ability to inhibit the 
passive diffusion of potassium ions out of the cell, 
acting as potassium leak channel blocker.  

Some further questions regarding our 
study focus on determining the threshold 
concentration  for BaCl2 to increase the resting 
membrane potential. This question could have 
important clinical implications. If barium 
universally blocks potassium channels, barium 
could be incorporated in medications that prolong 
the excitability of neurons. Potassium blockers, 
such as BaCl2 have been used to treat cardiac 
arrhythmias. They have also been used to prolong 
excitation to treat bradycardia, a condition 
characterized by a slow heart rate (Ganjehei, et al 
2011).  

Our results also help explain the effects 
of barium poisoning (Bhoelan et al. 2014). 
Barium blocks the potassium leak channels which 
inhibits the flow of potassium ions out of the cell, 
although the sodium-potassium pump is still 
active. Intracellular K+ concentrations rise, 
depolarizing the cell making it hyperexcitable. 
This can lead to cardiac arrhythmias and muscle 
weakness (Ahlawat and Sachdev, 1999).  
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