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Abstract 

Creatine (Cr) plays an important role in cellular energy homeostasis, which has been widely shown to enhance anaerobic 

exercise performance in elite and recreational athletes. Recently, Cr supplementation as a neuroprotective strategy has received 

a lot of attention. The exercise-induced central fatigue leads to shortage of brain energy and decrease of motor cortex 

excitability. The present study aimed to investigate the neuroprotective effects of Cr on glucose deprivation-induced changes in 

neuronal activity and KATP and BKCa single channel activities in acute primary motor cortex slices of the rat. Whole-cell 

current-clamp recordings were applied to observe the excitability changes of Betz cells. Cell-attached voltage-clamp recordings 

were made for recording KATP and BKCa single channel activities. We found that 20min glucose deprivation resulted in a 

significant decrease in the number of spikes induced by current injections and a significant increase in rheobase, spike threshold 

and the peak amplitude of fast hyperpolarization (fAHP). The open probability of KATP channels significantly increased when 

glucose was withdraw for more than 10min. While the open probability of BKCa channels increased 20min after glucose 

deprivation. The current amplitude and conductance of both KATP and BKCa channels remained unchanged. Cr reversed the 

glucose deprivation-induced changes of cell excitability and the Npo of those two channels during20-60min glucose deprivation. 

These results suggest that Cr supplementation could rescue the decrease in motor cortical neurons activity induced by glucose 

deprivation.  

Significance Statement  

This is the first report testing that the neuro protection effects of Cr against the deficiency in neuronal activity of motor neurons 

induced by glucose deprivation that mimicked prolonged exhaustive exercise induced-central fatigue. We show that Cr could 

reverse the glucose deprivation-induced decreased of cell excitability in acute primary motor cortex slices. These results suggest 

that Cr supplementation could rescue the deficiency in motor cortical neurons activity induced by glucose deprivation, raising 

the possibility of Cr being used as a nutrition supplements in prolonged exhaustive exercise. 

Keywords: Creatine; Glucose deprivation; Large-conductance Ca2+- and voltage-activated K+ (BKCa) channels; KATP 

channels  
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Introduction 

Cr is abundant in muscles and the brain and after 

phosphorylation, used as an energy source for adenosine 

triphosphate synthesis [1]. Exogenous Cr was found to 

improve performance during high intensity exercise by 

increasing intramuscular Cr and phosphocreatine levels [2] 

and accelerating the synthesis rate of phosphocreatine [3]. 

Cr is a widely used compound in sports and appears to be 

ergogenic to enhance repetitive high-intensity sprint 

performance. It may enhance performance in sports with 

high-intensity bursts of power in certain athletes since its use 

is not currently considered to be adoping infraction (note: all 

athletes should check up-to-date guidelines as these are 

subject to change at any time). Furthermore, most studies 

show that Cr administration enhances the strength and 

muscle mass gains during a resistance exercise program as 

compared to a placebo. However, although the role of Cr in 

delaying muscle fatigue during high intensity exercise has 

been extensively studied, its role in preventing central fatigue 

development is not well understood. It was found, for 

example, that oral Cr supplementation improved mental 

functions and reduced mental fatigue by increasing the 

oxygen utilization in the brain [1]. In addition, several 

pharmacological studies suggested that oral Cr 

supplementation increased brain dopamine synthesis in the 

Substantia Nigra of mice by protecting against striatal 

dopamine depletion [4] and/or by enhancing activation of 

tyrosine hydroxylase, the rate-limiting enzyme for dopamine 

biosynthesis) [5,6]. Our previous studies have shown that Cr 

administration appeared to improve central fatigue during 

prolonged swimming in mice and increased dopamine 

concentration [7,8]. Furthermore, in the primary cortex, the 

total power of local field potentials decreased during 

prolonged swimming, and the δ and θ waves increased while 

the β wave decreased. Meanwhile, the firing frequency of 

pyramidal neurons was reduced[unpublished observation].  

Central fatigue during prolonged exercise is likely caused by 

hypoglycaemia and a decrease in brain ATP. Neural firing 

activity leads to the consumption of ATP via the activity of 

Na
+

–K
+

 ATPase pump, and also triggers the release of more 

energy in the form of ATP [9]. In addition to KATP channel 

activity (governed by neuronal ATP dynamics), large-

conductance Ca
2+

- and voltage-activated K
+

 (BKCa) channels 

are well known for their roles in regulation of neuronal 

membrane excitability and synergic activation mechanism 

encompassing membrane depolarization and intracellular 

Ca
2+

/Mg
2+ 

levels [10]. This inter-dependent activation 

mechanism enables BKCa channels to exert a negative 

feedback influence on cellular excitability [11]. The 

importance of BKCa channels in regulation of vascular tone, 

determination of action potential duration and frequency, 

and neurotransmitter release, has been well documented 

[10]. The present study employed glucose deprivation as a 

cellular model for prolonged exercise-induced central 

fatigue. We determined the extent to which Cr treatment 

affected glucose deprivation-induced changes in BKCa and 

KATP channel activities in M1 cortical slice of adult rats. 

Materials and Methods 

Brain slice preparation 

All animal use was in accordance with animal protection 

laws of China and institutional guidelines and protocols were 

approved by the Animal Care and Use Committee of Beijing 

Sport University. Adult male Sprague-Dawleyrats were 

purchased from Vital River Laboratory Animal Technology 

Co. Ltd (Beijing, China). Rats were anaesthetized by 

isoflurane inhalation and quickly decapitated. The rat brain 

was embedded in low-melting-point agarose, and coronal 

slices of the primary motor cortex were cut at a thickness of 

300μm using a vibrating slicer (Leica VT1000s). Slices were 

prepared at room temperature in choline-based solution 

(PH 7.4), containing (inmM): 110 choline chloride, 2.5 KCl, 

1.25 NaH2PO4, 0.5CaCl2, 7 MgSO4, 26 NaHCO3, 25 glucose, 

11.6 sodium ascorbate, and 3.1 sodium pyruvate. The slices 

were incubated at room temperature for 30–40 min in 

sucrose-based solution (pH 7.4), containing (in mM): 78 

NaCl, 68 sucrose, 26 NaHCO3, 2.5 KCl, 1.25 NaH2PO4, 2 

CaCl2,2 MgCl2, and 25 glucose. Then, the slices were 

allowed to recover for at least 1h in the ACSF (pH 7.4), 

containing (in mM): 119 NaCl, 2.5 KCl, 2.5 CaCl2,1 MgCl2, 

1.25 NaH2PO4, 26 NaHCO3, and 10 glucose. All solutions 

were saturated with 95%O2/5%CO2.  

Glucose deprivation (GD) model and Cr treatment 
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Energy depletion caused by GD and the protection elicited 

by Cr treatment were studied in acute primary motor cortex 

slices. GD was achieved by washing the slices 3 times with 

glucose-free ACSF, in which glucose was replaced with 

sucrose isosmotically. GD was induced by superfusion with 

glucose-free ACSF. To study the neuro protective effects of 

Cr, Cr(0.5mM) was added to normal ACSF 30 min prior to 

GD exposure. Then, in the GD process, the slices were 

perfused with glucose-free ACSF containing the same 

concentration of Cr. Recordings were performed blind with 

respect to group assignment. The flowchart illustrating the 

experimental design is given in (Figure 1). 

 

 

 

 

 

 

 

 

Electrophysiology 

Betz cells are giant pyramidal cells located in layerV of the 

primary motor cortex. Their axons project down to the 

spinal cord via the corticospinal tract, giving motor 

commands to target muscles [12]. As their name implies, 

Betz cells were categorized initially by their size, ranging 

from as small as 30μm×10μm to as largeas 120μm×60μm, 

which was about 20 times larger than the other pyramidal 

cells in the same layer [13]. In patch clamp experiments, 

Betz cells were visualized using infrared-differential 

interference contrast optics (Olympus BX51WI) and a 

40×water immersion lens. Signals were filtered at 2 kHz and 

sampled at 10 kHz. Data were acquired with Multiclamp 

700B patch-clamp amplifier with pClamp 10.2 software 

(Molecular Devices). Patch pipettes were pulled from 

borosilicate glass (Warner Instruments) and fire-polished to 

resistances of 5-10 MΩ when filled with pipette solutions.  

Whole-cell current-clamp recordings were applied to 

observe the excitability changes of Betz cells. The pipette 

solution contained (in mM):140K-gluconate, 5 KCl, 2 MgCl2, 

10HEPES, 2 Mg-ATP, 0.3 Na2GTP and 10 Na2-

phoaphcreatine (pH7.4). Betz cells were injected with 1s 

current pulses ranging from -60 to 270pA at 30 pA 

increments with an inter-trial interval of 4 s. In all cells, the 

response to the injected current was measured from a 

holding potential of -70 mV. Four parameters were used to 

assess excitability: 1) the number of action potentials evoked 

by each depolarizing current injection; 2) action potential 

threshold; 3) the amount of depolarizing current necessary 

to evoke an action potential (Rheobase); 4) the peak 

amplitude of fast after-hyperpolarizing potential (fAHP). 

Cell-attached recordings were made in voltage-clamp mode 

following establishment of high-resistance (multi-GΩ) seals. 

For KATP single channel current recording, the pipette 

solution contained (in mM): 140 KCl, 1 CaCl2, 1 MgCl2, 5 

HEPES (pH 7.4). Glibenclamide was applied at 1μM to 

identify the KATP channels. To record the single channel 

currents of BKCa, the pipette solution contained (in mM): 

140 KCl, 1EGTA, 10 HEPES (pH7.4). The identity of BKCa 

currents was confirmed by its selective blocker, iberiotoxin 

(IbTX, 100 mM) and by the high single-channel 

conductance. Single-channel analysis was performed using 

Clamp fit 10.2. Amplitude and channel open probability 

(NPo) were measured from 30s data. 

Chemicals 

Unless specified otherwise, all drugs were prepared as 

concentrated stock solutions and stored at -20°C before use. 

All drugs were purchased from Sigma-Aldrich unless 

otherwise stated. 

Statistics analysis  

Data analysis was performed with Clampfit10.2 and Sigma 

plot. Data are presented as the mean ±SEM. Results were 

analyzed with one-way ANOVA and considered to be 

significant at p<0.05. 

Results  

 

Figure 1: Flowchart illustrating the timeline for glucose 

deprivation and Cr treatment. Primary motor cortex slices were 

assigned to Control group, glucose deprivation group (GD 

group) and Cr-treated group (Cr+GD group). 
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Cr reversed the glucose deprivation-induced changes of cell 

excitability 

To examine the effects of energy depletion on excitability, 

motor cortex pyramidal cells were injected with a series of 

depolarizing currents to induce action potentials in normal 

ACSF or glucose-free ACSF bath solution. After 20min of 

glucose deprivation, the number of spikes that could be 

elicited in GD group was significantly reduced compared 

with that of the control group (p < 0.001; Figure 2C-D). 

Additionally, we measured the first action potential evoked 

by depolarization current and found that glucose deprivation 

resulted in a significant increment in rheobase (p < 0.001), 

spike threshold (p < 0.01) and the peak amplitude off AHP 

(p < 0.001; Figure 2F-I). These results indicated that glucose 

deprivation decreased the excitability of motor cortex Betz 

cells. 

To investigate potential neuroprotective effects of Cr against 

energy depletion, the brain slices were pre-incubated with Cr 

before glucose deprivation. The neuroprotective effect of Cr 

was associated with an increase in excitability within 20-

60min glucose deprivation, as determined by these three 

measures used: an increase in the number of spikes (p < 

0.01),a decreased in rheobase (p < 0.001) and a decrease in 

spike threshold (p < 0.001; Figure 2C-H). In addition, the 

peak amplitude off AHP significantly decreased when 

treated with Cr before glucose deprivation (p < 0.05, Figure 

2I). Those results provide direct evidence that Cr could 

protect neurons from the reduction of cell excitability caused 

by energy depletion. 

Cr reversed the glucose deprivation-induced changes of 

KATP  channel activity  

One mechanism by which energy status exerts control over 

electrical excitability is through ATP-sensitive potassium 

channels (KATP channels). KATP channels couple cell 

metabolism with excitability and thereby make an important 

contribution to many physiological processes. To investigate 

how KATP channels activity changed when glucose was 

deprived, we recorded KATP single-channel activity by patch-

clamp in cell-attached mode. The current-voltage relation for 

KATP channels is shown in (Figure 3A), with the conductance 

of 80.39±5.28 pS, aslight inward rectification was observed at 

the positive membrane potentials. Those features all belong 

to KATP channels. The open probability of KATP channels 

significantly increased when glucose was withdrawn for more 

than 10min (holding potential =-60mV, p<0.001, Figure 3), 

but the current amplitudes and conductance remained 

unchanged (p > 0.05). Thus, the increase in KATP channels 

activity was a result of increased KATP open probability and 

not a change insingle-channel conductance. After KATP activity 

increased, glibenclamide was added to bath solution and was 

found to block the channel activity, verifying that the 

observed currents originated from KATP channels. These data 

suggested that glucose deprivation increased KATP channel 

activity of motor cortex Betz cells within a short time. Cr 

significantly reversed the glucose deprivation-induced 

increase in KATP channel activities and decreased the Npo of 

KATP channels from 10min to 80 min of glucose 

deprivation(p< 0.001, Figure 3). These results indicated that 

Cr could balance the cellular ATP levels during glucose 

deprivation. 

Cr reversed the glucose deprivation-induced changes of BKCa 

channel activity. 

Fast AHP, on the order of a few milliseconds, is seen after 

an action potential in pyramidal neurons, which is mediated 

by the BKCa current. The BK current is Ca
2+

 and voltage-

dependent and plays a significant role in repolarizing the AP. 

The role of the BK current in modulating cellular excitability 

and spike-frequency accommodation has been demonstrated 

in many studies. We therefore sought to determine whether 

the BKCa channel activity was also changed after energy 

deprivation. The current-voltage relation for BKCa channels is 

shown in Figure 4A, with a large conductance of 250 ± 22.4 

pS. Glucose-free ACSF significantly increased the open 

probability of BKCa channels after 20min glucose deprivation 

(holding potential=40mV, p< 0.05, Figure 4). Notably, the 

time course was in line with the peak amplitude off AHP 

(Figure 2J). The current amplitude and conductance of BKCa 

channels were not significantly changed (p > 0.05). After KATP 

activity increased, IBTX was added to bath solution to verify 

BKCa channels. The data suggested that BKCa channel might 

be involved in the modulation of neuronal excitability when  



 

Citation: Chen Y, Cai J, Gu B, Lv Y.et al. (2016). Creatine Supplementation Rescues Glucose Deprivation-Induced Deficiency Inmotor Cortical Neuronal Activity. SciTz Neurol 

Neurosci. 2016. 1(1): 1002 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Glucose deprivation depressed the intrinsic excitability of primary motor cortex Betz cells, and Cr treatment reversed this 

depression. A, Left: a standard rat brain atlas illustrating the primary motor cortex (M1, in gray) [45]. Right:photomicrograph showing a 

recording Betz cell. B, Trains of action potentials evoked by a series of depolarizing currents. C, Singletraces demonstrating that cells from 

three groups in response to a 270 pA current pulse. D, The number of APs evoked by each depolarizing current injection. E, Action potential 

waveforms. F-H, Bar graphs showing the Rheobase, the spike threshold and the peak amplitude off AHP. ***p<0.001, **p<0.01vs. Control 

group; ###p<0.001, ##p<0.01, #p<0.05 VS. Cr+GD group. Scale bar =50µm; n = 7-9. 
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glucose was deprived. Cr pretreatment decreased BKCa 

currents (p< 0.05, Figure 4) in 20 to 80min. The data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

showed the neuroprotective effects of Cr and indicated the 

involvement of  BKCa channels. 

 

Figure 3: Glucose deprivation increased KATP channel activity of motor cortex Betz cells, while Cr treatment inhibited this increase. A, 

KATP channel currents recorded in cell-attached patch at -60mV membrane potential, which was abolished by 1 µM Glibenclamide. B, 

Current-voltage relationship of the KATP channel. The conductance was 80.39 ± 5.28 pS (n=8). The I-V curve showed slight inward 

rectification. C, Representative traces showing single-channel activity as measured at holding potential of -60mV in control, GD and 

Cr+GD groups. D, Bar graph summarized the action of glucose deprivation and Cr to alter values of NPo (n = 12-17). ***p < 0.001vs. 

Control group; ###p < 0.001vs. Cr+GD group. 



 

Citation: Chen Y, Cai J, Gu B, Lv Y.et al. (2016). Creatine Supplementation Rescues Glucose Deprivation-Induced Deficiency Inmotor Cortical Neuronal Activity. SciTz Neurol 

Neurosci. 2016. 1(1): 1002 

Discussion 

Here we used glucose deprivation in brain slices to mimic 

prolonged exhaustive exercise-induced glucose depletion 

and central fatigue development. We found that glucose 

deprivation in brain slice resulted in a decrease in neuronal 

excitability in motor cortex slices in adult rats. We have also 

observed the effects of Cr supplementation on the decrease 

in neuronal excitability induced by glucose deprivation. We 

determined the excitability of motor cortex pyramidal cells 

and found that the number of elicited spikes decreased 

significantly by approximately 63% in glucose deprivation 

condition compared to that of the control group. Further, 

the rheobase the spike threshold and the peak amplitude off 

AHP of evoked action potentials were all significantly 

increased. The glucose provides critical energy source for 

central nervous system, which plays a crucial role in 

supporting neuronal physiological functions including 

maintaining membrane potential, compound action 

potential and the synaptic transmission [14]. Brain accounts 

for 2% of body weight, but consumes 25% of total glucose 

[15,16]. The brain increased glucose utilization as an energy 

source during exercise [17]. Brain energy supply could be an 

important factor for neurons to initiate nerve impulse and 

brain glucose could decrease with prolonged exhaustive 

exercise [18]. Based on these findings, we hypothesized that 

exercise-induced depletion of brain glucose could affect 

neuronal activity and action potential firing, which results in 

the inability of the central nervous system to drive the motor 

neurons adequately, a major mechanism for muscle fatigue 

[19,20]. These results suggest that glucose deprivation-

induced inhibition of excitability in motor cortex cells may 

be associated with the central fatigue induced by prolonged 

exhaustive exercise.  

Neuronal excitability strongly depends on cellular energy 

metabolism. As mentioned above, glucose deprivation 

inhibited the excitability of motor cortex cells. ATP content 

was reduced in proportion to glucose deprivation severity. 

Glucose deprivation lasting for 10 min partially reduced the 

ATP content, significant reduction of the ATP content was 

achieved after 20 min of glucose deprivation [21]. Neuronal 

KATP channels activity is preferentially regulated by 

glycolytically derived ATP. To examine the possibility that 

decreased activity of motor cortex cells is related to KATP 

channels due to declining ATP, we examined the effects of 

various durations of glucose deprivation on KATP channel 

properties. Ten min after glucose removal the open 

probability of KATP  increased, which lasted for 60min in the 

present study. The current amplitudes and conductance 

remained unchanged. These results suggest that the increase 

in KATP channels activity is a result of increased KATP open 

probability but not a change insingle-channel conductance. 

KATP channels provide a unique link between cellular energy 

state and electrical activity, which are inwardly rectifying K
+

-

selective ion channels that are inhibited by intracellular 

ATP. The [ATP]:[ADP] ratio, the changes of intracellular 

ATP or ADP concentration modulate KATP activity involved 

in at least three state including inhibition, renewal and 

excitation. Opening KATP channels induces membrane 

potential shift to the potassium equilibrium potential in the 

metabolic state. The opening of neuronal KATP channels 

insulted in reduction of the firing frequency of action 

potentials appears to play an important role in protecting 

neurons against ischemic or anoxic injury [22,23]. These 

experiments demonstrated that glucose removal in a short 

time (10min) could increase KATP channel activity of motor 

cortex cells by increasing KATP channels open probability. As 

a result, the frequency of action potential firing was reduced, 

neuronal injury due to ATP insufficiency was prevented. 

It is generally accepted that neurons exhaust their 

intracellular stores of ATP in the low oxygen-glucose 

environment, which resulted indepolarization of membrane 

potentials and Ca
2+ 

entrance of the cell through voltage-gated-

Ca
2+

channels [21, 24]. Severity of glucose deprivation in 

hippocampal slice cultures correlates with ATP depletion, 

transient elevation of intracellular Ca
2+ 

in CA3 pyramidal 

neurons and with neuronal damage [21]. The elevated 

intracellular Ca
2+ 

concentrations activate the intracellular 

signaling cascades that ultimately lead to cell death [11]. 

Therefore, we examine the changes of BKca channel 

properties of following glucose deprivation at various 

duration in slice of motor cortical neurons. Compared with 

the changes of KATP channels, the open probability of BKCa 

channels remained unchanged after 10min of glucose-free  
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ACSF, but increased after 20min and lasted for 60min. The 

current amplitude and conductance of BKCa channels were 

unaffected by glucose deprivation up to 80min. Taken 

together with the results off AHP changes in our experiment, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

these results support the idea that during glucose deprivation 

KATP channels respond to the decrease in intracellular ATP in 

10 min while changes in BKCa channels emerged after 20min 

of glucose deprivation. Although it is uncertain which is 

 

Figure 4: Glucose deprivation increase BKCa channel activity of motor cortex Betz cells, and Cr treatment lowered this activation. A, 

BKCa channel currents recorded in cell-attached patch at 40mV membrane potential, which was abolished by 100nM IBTX. B, Current-

voltage relationship of the BKCa channel. The conductance was 250 ± 22.4 pS (n=12). C, Representative traces showing single-channel 

activity as measured at holding potential of 40 mV in control, GD and Cr+GD groups. D, Bar graph summarized the action of glucose 

deprivation and Cr to alter values of NPo (n = 11-12). *p < 0.05 vs. Control group; #p < 0.05 vs. Cr+GD group. 
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dominant, KATP or BKCa channels component, in the 

modulation in motor neurons during glucose deprivation 

mimicking central fatigue, BKCa actions contribute more to 

the firing pattern of the action potentials. 

Cr plays an important role in cellular energy homeostasis, 

which has been widely shown to enhance anaerobic exercise 

performance in elite and recreational athletes. In the body 

skeletal muscles is the majority of Cr pool [25], while the 

brain also is a significant Cr storage [26], which may provide 

protection against neurological disorders and anoxic injury. 

Recently, Cr supplementation as a neuroprotective strategy 

has received a lot of attention [27], for instance, several 

studies using animal models have shown that oral Cr 

supplementation provides neuroprotective effects in a variety 

of neurological conditions including traumatic brain injury 

[28, 29]. Huntington's Disease [30], amyotrophic lateral 

sclerosis [31], ischemia [32], and Parkinson's Disease [33]. A 

number of studies have shown that pro-inflammatory 

responses are weakened by Cr supplementation [34-38]. Cr 

supplementation rescued neuronal hypoxia injury [39, 40]. 

However, the underlying mechanism of how Cr shows 

neuroprotection against various diseases remains unclear.  

In the present study, we examined the effect of Cr on 

glucose deprivation-induced changes in neuronal activity, 

KATP and BKca channels. Cr treatment delayed glucose 

deprivation-induced inhibition of neuronal activity by 

increasing the number of spikes and decreasing the 

rheobase, the spike threshold and the peak amplitude off 

AHP. Furthermore, Cr reversed the glucose deprivation-

induced increases in KATP channel and BKCa channels activity 

and decreases in the Npo of both KATP channels and BKCa 

channels.  

Physical exercise impacts almost every system of the body, 

including muscles and the brain [41], thus the energy supply 

available from immediate reserve sources for these organs 

plays a crucial role in maintaining their increased functions. 

During prolonged exhaustive exercise, the development of 

central fatigue produces signals that regulates the exercise 

behavior to ensure the protection of whole body 

homeostasis [42], among those, one factor is the reduction 

of neuronal excitability due to intracellular ATP  

insufficiency. In the rest-to-exercise transition, intracellular 

Cr as an energy buffering during anaerobic condition, 

phosphocreatine provides a rapid store for the 

rephosphorylation of ADP to ATP, also phosphocreatine as 

a temporal energy buffer supplies the majority of the energy 

for the first 6–8s before anaerobic glycolysis becomes 

predominant. The temporal energy buffering is also formed 

a Cr phosphocreatine shuttle called a spatial energy buffer, 

linking to a number of cellular effects, for example, the 

support of the ion pumping activity of the Na+/K+-ATPase 

and the activation of mitochondrial respiration.  

Based on the temporal energy buffering capacity of this 

system, we tested the hypothesis that Cr stores could be 

increased to prolong the energy delivery in relative 

insufficiency of energy during glucose deprivation. This 

experimental results supported that Cr supplementation 

could increase neuronal excitability within 20-60min glucose 

deprivation duration. PCr and Cr, relative to ATP and ADP, 

can build up to much higher concentrations in most CK-

containing cells and tissues, hence allowing for a higher 

intracellular flux of high-energy phosphates [25]. In present 

study, by increasing the ATP-regenerating capacity via the Cr 

supplementation before glucose deprivation, it might be 

possible to delay ATP depletion and, thereby, to maintain 

the energy requirement for motor cortical neuronal activity. 

 

Our present results also suggest that Cr could significantly 

reversed the GD-related increase of KATP channel activities, 

decreased the Npo of KATP channels from 10min to 80 min 

glucose deprivation. Since KATP channels might serve as 

cellular ATP sensors, these results further indicated that Cr 

could balance the cellular ATP level during glucose 

deprivation. In excitable cells, KATP channels act as 

metabolically controlled “excitation brakes” by 

hyperpolarizing cells in conditions of low ATP supply [43]. 

In present experiment, KATP channels are inhibited by 

intracellular ATP buffered by Cr, therefore, motor cortical 

neurons could maintained theirs excitability. In addition, Cr 

can reduce BKCa currents in 20 to 80min, which is consistent 

with the changes off AHP. These results indicate that the 

energy buffering provided by Cr might prevent Ca
2+ 

enters 
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the cell through voltage-gated Ca
2+

 channels and the 

membrane potential depolarizes in the low glucose 

environment. There is a possibility that neuroprotection via 

Cr supplementation may occur via inhibition of the 

mitochondrial permeability transition pore by stabilizing 

mitochondrial Cr kinase and stimulating the production of 

phosphocreatine, which stabilizes energy (ATP) levels in the 

cell [44]. Inside the cell, Cr phosphokinase catalyzes a 

reversible reaction between the γ-phosphate group of ATP 

to the guanidino group of Cr, the resultant production of 

ADP and phosphocreatine. is essential for replenishing ATP 

stores that can be immediately used during high intensity 

exercise [25]. 

In conclusion, the present study investigated the 

neuroprotective effects of Cr on glucose deprivation-induced 

changes in neuronal excitability, BKCa channel and KATP 

channel activity in M1 brain slice of adult rats. Glucose 

deprivation mimics central fatigue induced by prolonged 

exhaustive exercise. We found that Cr could protect 

neurons from the reduction of cell excitability caused by 

energy depletion. In addition, Cr could reverse the glucose 

deprivation-induced changes of KATP channel and BKCa 

channel activity. Taken together, our results suggest that Cr 

supplementation rescues the deficiency in motor cortical 

neuron activity induced by glucose deprivation. 
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