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Introduction: Memantine as N-Methyl-D-Aspartic Acid (NMDA) receptor antagonist is 
used in some neurological disorders. Moreover, memantine presents modulatory effects on the 
somatosensory information processing in healthy subjects. This study investigated the effects 
of memantine on electrophysiological properties of barrel cortex neurons in male rats. 

Methods: Single unit recording was used to evaluate the electrophysiological properties of 
barrel cortex neurons. The neural responses to the Principal Whisker (PW), Adjacent Whisker 
(AW), and combined displacement of two whiskers [20 ms Inter-Stimulus Intervals (ISIs)] 
were recorded before and 2 hours after memantine gavage (10 mg/kg). A Condition Test Ratio 
(CTR) was calculated for assessing inhibitory interactions. 

Results: Two hours after memantine gavage, neuronal ON and OFF responses to PW 
deflection were decreased. Furthermore, CTR for both ON and OFF responses was decreased 
following memantine administration. 

Conclusion: The current study demonstrated that memantine modified neural response 
properties in the rat barrel cortex. 
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1. Introduction

t is widely accepted that NMDA (N-
Methyl-D-Aspartic Acid) receptors play 
a critical role in learning, memory, and 
plastic changes in the nervous system 
(Bradley et al., 2017). Numerous reports 

demonstrate that NMDA receptor dysfunction in many 
neurological diseases, such as Alzheimer’s, Parkinson’s, 
Huntington’s, Stroke, and nerve pain (Kimura, Name-
kata, Guo, Harada, & Harada, 2017; Makhaeva et al., 
2015). In clinical conditions, the blockers of NMDA 
receptors, such as Ketamine, Amantadine, and Dextro-
methorphan are used to alleviate harmful effects of cal-
cium and the over-activation of NMDA receptors in neu-
rological diseases (Bowers, McAllister, Ray, & Heitz, 
2017; Martinak, Bolis, Black, Fargason, & Birur, 2017). 
Memantine is a non-competitive antagonist of NMDA 
receptors discovered in the 1960s. Lately (in the 1980s), 
it was used to treat attention and episodic memory dis-
turbances in Parkinson’s disease and dementia. In 2003, 
it was also prescribed to treat cognitive and behavioral 
dysfunctions in Alzheimer’s disease (Johnson & Koter-
manski, 2006). Dizziness, headache, constipation, som-
nolence were reported as common side effects of me-
mantine and adverse events are usually mild to moderate 
in severity (van Marum, 2009). Dinse et al. reported that 
memantine might modulate somatosensory information 
processing in healthy humans (Dinse, Ragert, Pleger, 
Schwenkreis, & Tegenthoff, 2003).

With the barrel cortex as its most prominent structure, 
the rodent whisker system has a precise plan of func-
tional organization, development, and plasticity. These 
features make the whisker to the barrel system a good ex-
perimental model for studying the somatosensory system 
(Stuttgen & Schwarz, 2018).

This study evaluated the effects of memantine on the 
electrophysiological properties of neurons in the somato-
sensory cortex by using a whisker barrel model in rats. 

2. Methods

Animals

Thirty male Wistar rats (weighing 200-250 g) were 
used in this study. They were kept in standard cages, 
under a 12/12 hour light-dark cycle and a Mean±SD 
temperature of 23±0.2°C, with free access to food and 
water. All experimental procedures were carried out per 
the guidelines for the care and use of laboratory animals 
in the Rafsanjan University of Medical Sciences and the 
European Communities Council Directive 2010/63/EU.

The rats were anesthetized using urethane (1.5 g/kg, 
intraperitoneal). Then, a gavage tube was transferred 
through the rat’s mouth into its stomach. It was fixed af-
ter confirming the accuracy of its location in the stomach. 
Next, the rat was placed into a Stereotaxic device (Stoelt-
ing, USA) and rectal temperature was maintained at 37 
°C by a servo-controlled heating blanket (Harvard Ap-
paratus, Eden Bridge, UK). The level of consciousness 
was evaluated through monitoring the tail and hind limb 
reflexes, regularity of respiration (80-100 breaths/min), 
the absence of spontaneous movements and the absence 
of overt whisking or whisker tremor. If necessary, 10% of 
the initial dose of urethane was injected to maintain the 
appropriate level of anesthesia (Shamsizadeh et al., 2007). 

The recording device was a tungsten microelectrode 
(FHC, Bowdoinham, ME, U.S; (tip impedance 1-1.2 
MOhms at 1000 Hz, 10 nA)) attached to the microma-
nipulator (WPI Company). This micromanipulator was 
fixed on a Stereotaxic apparatus (Stoelting, U.S.) to 
modulate the electrode’s location and height. Recorded 

Highlights 

● Memantine modulated excitatory receptive fields in the rat somatosensory cortex.

● Memantine decreased integrative receptive fields in rat somatosensory cortex.

Plain Language Summary 

As an NMDA receptor antagonist, memantine is used to treat moderate to severe Alzheimer’s disease. Memantine 
has beneficial effects on cognition, mood, and perform daily activities. However, the current study results suggested 
that memantine may affect information processing in the somatosensory system. This should be considered for future 
research in the clinic.
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potentials from nerve cells were amplified and digitized by 
the Electromodule system (Electrophysiology recording sys-
tem Science Beam Inst, Tehran, Iran).

The recorded signals were imported to eSorter (Spike 
Sorting Software toolbox, www.ScienceBeam.com), and 
spike potentials peak and valley amplitude features were 
extracted and classified by k-, means clustering offline. The 
ON and OFF responses were detected by further analysis 
of spikes using eSpike software (spike analyzing software 
toolbox, www.ScienceBeam.com).

Whiskers displacement was performed by two tiny speak-
ers (Electromodule, Science Beam Inst) (Motaghi, Sheiba-
ni, Farazifard, & Joneidi, 2006; Shamsizadeh et al., 2007). 
A thin glass tube with an internal diameter of 0.69 mm was 
attached to the center of each speaker. The Principal Whis-
ker (PW) and Adjacent Whisker (AW) were cut 10 mm 
from the base and inserted inside the tube. These speakers 
produced a ramp and hold movement with the following 
characteristics. Whiskers displacement time to reach new 
position was 5 ms. The duration of staying in the new posi-
tion was 200 ms. Whisker returning time from new position 
to its initial position was 5 ms. The displacement ampli-
tude was 500 micrometers. The numbers of displacements 
equaled 40.

Extracellular single-unit recording: After anesthetizing 
and placing the rat in a Stereotaxic apparatus, craniotomy of 
the right primary somatosensory cortex (stereotaxic coordi-
nates: 3.3 mm posterior to bregma & 4.85–5.0 mm lateral 
from the midline) was performed and the microelectrode 
was put in the cortex. To ensure the place of a microelec-
trode in the barrel cortex as well as to detect the PW, firstly, 
microelectrode inserted at a depth of 500-800 micrometers 
from the surface of the skull then, PW was stimulated and 
the latency of neuronal response was measured. In all ex-
periments, the response latency was below 10 ms. After 
that, the cortex was covered with 3% agar solution in sa-
line and the microelectrode was moved back to superficial 
layers of cortex (depth of 200-400 micrometers). One of 
the neighboring whiskers (in same row with PW) with the 
least neural responses was considered as AW. The rest of 
rat whiskers were shortened by a scissor to avoid miss-
stimulations (Salaria, Shamsizadeh, Noorbakhsh, Ayoobi, 
Sheibani, & Oryan, 2017).

Following whiskers displacement, two neuronal respons-
es can be seen, known as ON and OFF responses. ON re-
sponse is produced when the whisker moves from its initial 
condition to the new one, and OFF response is produced 
when the whisker returns to its initial state (Simons & Land, 
1987). The whisker displacement direction was ventral for 
ON and dorsal for OFF responses. 

To evaluate the excitatory receptive field, PW and AW 
were moved separately. To evaluate the paired whisker 
interactions, the AW displaced at 20 ms before the dis-
placement of PW. Each of these protocols was repeated 
40 times with a frequency of 1 Hz, and the correspond-
ing responses saved in separate files.

Peristimulus Time Histograms (PSTHs) were produced 
in response to each of the nine deflection patterns. Mag-
nitudes of the ON and OFF responses were calculated 
by counting the number of spikes from 5 to 35 ms after 
the onset of each movement. The effect of the AW de-
flection on the unit’s response to the PW deflection was 
quantified using a Condition-Test Ratio (CTR). CTR is 
calculated as follows, the magnitude of response to PW 
in paired deflection paradigm with AW (recorded with 
different delays between AW & PW stimulation)/the 
magnitude of response to deflection of PW plus magni-
tude of response to deflection of AW when they deflected 
alone. If the CTR is less than 1, it shows the inhibitory ef-
fect of AW on the neuronal response to PW. If it is more 
than 1, it is considered a facilitatory effect of AW on the 
neuronal response to PW (Ego-Stengel, Souza, Jacob, & 
Shulz, 2005; Simons & Carvell, 1989).

The rat was gavaged with memantine (Ebixa®, H. 
Lundbeck A/S, Denmark) at a dose of 10 mg/kg. The 
drug was solved in normal saline (1 mL). Previous re-
ports demonstrated that 10 mg/kg of memantine could 
prevent imipramine-induced cognitive impairments in 
rats (Demontis, Falconi, Canu, & Serra, 2015). Lee et al. 
reported that the maximum plasma concentration of me-
mantine would reach around 2 h after its gavage (10 mg/
kg) (Lee et al., 2016). Then, electrophysiological record-
ings were done before and 2 h after memantine gavage.

Paired Samples t-test was used to compare CTR, ON, 
and OFF responses before and after memantine gavage. 
The obtained data were presented as Mean±SEM. More-
over, SPSS and Excel software were used for data analysis.

3. Results

A population PSTHs of neuronal responses to PW de-
flection before and after administration of memantine 
are shown in Figure 1 and 2 shows the modulation of 
neuronal responses to PW deflection in superficial layers 
of the barrel cortex by memantine. We measured neu-
ronal ON and OFF responses to PW stimulation before 
and after drug administration (see Methods). Statisti-
cal analysis showed that both neuronal ON (t18=3.30, 
P=0.008) and OFF (t20=2.65, P=0.015) response mag-
nitudes to PW deflection were decreased following the 
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administration of memantine. The gavage of memantine 
had no effect on the ON and OFF responses to AW stimu-
lation (ON responses t21=0.55, P=0.588 & OFF responses 
t21=1.59, P=0.125) (Figure 3).

Paired whisker deflection paradigm is usually used to 
study the inhibitory receptive fields. In this paradigm, AW 
was deflected before PW at 20 ms Inter-Stimulus Inter-
vals (ISIs). Results were quantified by calculating a con-
ditioning-test ratio. Paired Samples t-test analysis dem-
onstrated that acute oral administration of the memantine 
decreased CTR ratio for ON (t21=2.32, P=0.03) and OFF 
(t(20)=3, P=0.006) responses (Figure 4). In summary, these 

data showed that memantine could modulate neuronal re-
sponse properties in the somatosensory cortex. 

4. Discussion

The present study investigated the acute effects of me-
mantine gavage on rats’ somatosensory system through 
electrophysiological (neuronal responses to natural 
stimuli using the vibrissae pathway model) approach. 
The obtained results suggested that acute gavage of the 
memantine modulated both excitatory and inhibitory re-
ceptive fields in the barrel cortex. 

When rats explore the environment, they touch objects 
with whiskers. The mechanical receptors connected to the 

Figure 1. Population Peristimulus Time Histograms (PSTHs) of neuronal responses to Principal Whisker (PW) deflection be-
fore (A) and after (B) the administration of memantine 

Data were collected from 22 neurons. Bin size is 1 ms.

Figure 2. Neuronal ON and OFF responses to the deflection 
of PW before and after gavage of the memantine

*Versus before drug administration for ON responses, 
P=0.008; #Versus before drug administration for OFF re-
sponses; P=0.015. Data are expressed as Mean±SEM. The bin 
size was set at 1 ms.

Figure 3. Neuronal ON and OFF responses to the deflection 
of AW before and after gavage of the memantine 

Responses were not significantly different before and after 
the administration of memantine. Data are expressed as 
Mean±SEM. The bin size was set at 1 ms.

Nasiri, M., et al. (2021). Memantine and Barrel Cortex. BCN, 12(6), 721-728

http://bcn.iums.ac.ir/


Basic and Clinical

725

November, December 2021, Volume 12, Number 6

whiskers transmit the information from the environment 
to the primary somatosensory cortex (mostly on layer 4, 
i.e., called barrel in rodents) that have both excitatory 
and inhibitory receptive fields (Fox, Wright, Wallace, & 
Glazewski, 2003; Wright & Fox, 2010). Then, the sen-
sory signal is projected to superficial layers (2 and 3) of 
the corresponding column. After that, they are launched 
to the surface layers of adjacent columns (Nussbaumer 
& Van der Loos, 1985). This signal circuit plays an es-
sential role in recognizing and processing 3D objects in 
the brain (Armstrong‐James & Fox, 1987). The result of 
this study that demonstrated the modulatory effects of 
memantine on excitatory and inhibitory receptive fields 
in the superficial layers of the barrel cortex will naturally 
change the pattern of information processing.

In line with these results, other investigators also re-
ported that NMDA agonists and antagonists could 
modulate neuronal activities in the cerebral cortex. Arm-
strong-James et al. reported that administration of 6.7-di-
nitroquinoxaline-2,3-dione (an NMDA receptor antago-
nist) could modulate the neuronal activities in the barrel 
cortex (Armstrong-James, Welker, & Callahan, 1993). In 
an in vivo study, infused d-isomer of 2-amino-5 phos-
phonopentanoic acid (D-AP5) (a NMDA receptor antag-
onists) over the barrel cortex recorded from cells in layer 
II-III of barrel cortex following the induction of specific 
pattern of neural plasticity. They concluded that cortical 

NMDARs are necessary for experience-dependent plas-
ticity in the barrel cortex (Rema, Armstrong-James, & 
Ebner, 1998). In another interesting study, Dinse et al. 
studied the effect of memantine on two-point discrimina-
tion ability in healthy people through recording somato-
sensory field potentials. They reported the modulatory 
effect of memantine on this ability (Dinse et al., 2003). 
The results of our study with previous studies conclude 
that memantine may have a deleterious effect on somato-
sensory information processing both in rats and humans.

However, some reports are supporting minor behav-
ioral effects of the meantime. Pringle et al. examined 
the effects of memantine on emotional processing in 32 
healthy young volunteers. They concluded that acute me-
mantine administration has limited sensory information 
processing in healthy individuals (Pringle Parsons, Cow-
en, McTavish, Cowen, & Harmer, 2012). On the other 
hand, chronic treatment of adult rats with memantine (30 
mg/kg/day for 8 weeks) had beneficial effects on learning 
abilities in the Morris water maze task (Barnes, Danysz, 
& Parsons, 1996). A growing number of studies suggest 
the credible efficacy of memantine in treating some neu-
rodegenerative disorders, like Alzheimer’s disease (Ki-
shi, Matsunaga, Oya, Nomura, Ikuta, & Iwata, 2017).

5. Conclusion

Our results indicates that a therapeutic dose of memantine 
presents modulatory effects on somatosensory information 
processing in rats. Thus, further studies using animal mod-
els of neurodegenerative disorders have to be conducted to 
understand the possible side effects of memantine on the 
somatosensory system in disease conditions. 
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