
INTRODUCTION
Genetic animal models are crucial tools for research aiming to unravel the molecular mechanisms and pathophysiology underlying Huntington’s disease (HD), and to evaluate potential therapeutics for efficacy. Though wide-spread, neuronal 
loss occurs preferentially in medium-sized spiny neurons (MSN) in the striatum in HD patients, and numerous reports indicate that in mouse models replicating various aspects of the disease, abnormal synaptic transmission and plasticity 
in cortical and basal ganglia is apparent prior to overt motor or cognitive impairment, and precedes neuronal degeneration. Our research is aimed at providing rapid readouts of neuronal and synaptic dysfunction, common to various HD 
transgenics, that can inform regarding the nature of this synaptic or neuronal dysfunction, and can be used to  triage compounds by providing proximal readouts of efficacy early in disease pathophysiology.
Here, we present electrophysiological data from striatal MSNs from R6/2 transgenic mice (7-8 weeks) and from heterozygote Q175 knock-in mice (6-7.5 months). Specifically, patch-clamp experiments in acute brain slices from these mouse 
lines were performed to characterize the pathophysiology of MSNs regarding membrane properties, miniature excitatory postsynaptic currents (mEPSC) and postsynaptic currents evoked via cortical stimulation. 

ELECTROPHYSIOLOGICAL CHARACTERIZATION OF 
TWO EXPERIMENTAL MOUSE MODELS OF 

HUNTINGTON’S DISEASE

Acute horizontal brain slices were prepared from R6/2 (7-8 weeks), Q175 
KI heterozygous (6-7.5 months) mice1 and age-matched WT littermates in 
ice-cold sucrose cutting solution. Slices containing the dorsal striatum were 
transferred into a chamber containing aCSF (in mM: NaCl 125, KCl 2.5, CaCl2 2, 
MgCl2 1, NaHCO3 25, NaH2PO4 1.25, D-glucose 25) at room temperature (RT) 
and incubated for at least 30 min. All solutions were continuously bubbled 
with carbogen gas (95% CO2, 5% O2). Experiments were performed at RT.
Whole-cell patch clamp experiments were performed with a software-
controlled MultiClamp 700B amplifier in combination with a Digidata 1440A 
digitizer. Data were low-pass filtered at 2 kHz before being sampled at 10 kHz 
using Clampex 10 (all from Molecular Devices). Patch pipettes were pulled 
from borosilicate glass capillaries with resistances of 2-4 MΩ. Cells with a 
series resistance larger than 20 MΩ were discarded. Cells were held at -80 
mV for voltage-clamp recordings. The pipette solution contained (in mM): 
K-gluconate 105, KCl 30, MgCl2 4, EGTA 0.3, HEPES 10, MgATP 4, Na3GTP 0.3 
and phosphocreatine 10, pH 7.3 and for mEPSC recordings: CsCl 130, HEPES 
10, MgCl2 1, EGTA 10, Na2ATP 2, Na3GTP 0.3, pH 7.3.
Stimulation at a frequency of 0.1 Hz was performed using a custom-built 
bipolar tungsten electrode which was placed between layer V and deeper 
cortical layers. To determine the paired-pulse ratio, two stimulating pulses 
with a specific inter-stimulus interval were applied to the cortex (at twice the 
intensity needed to evoke a minimal response).
For the comparison of mEPSCs amplitudes and frequency, recordings 
were performed for 20 min after observing stable activity for 10 min. The 
experiments were terminated by application of 10 µM CNQX to demonstrate 
the miniatures’ excitatory nature.
The mEPSCs were analyzed using the Minianalysis program (Synaptosoft).
Statistical analysis was performed using Prism 5 (GraphPad) and Igor Pro 6 
(Wavemetrics).
1: derived by a CAG expansion in Q140 (CAG140 KI) mice (Menalled et al., 2003 and Hickey et al., 2008)

RESULTS

Fig 6: Histograms and cumulative frequency plots for mEPSC amplitudes recorded in 
striatal MSNs from R6/2 (top, orange) and Q175 (bottom, orange) mice compared 
to their WT littermates (blue) corresponding to data presented in Fig 5. The x-axes 
have been scaled to suit the majority of events.

•	The resting membrane potential and cell capacitance of transgenic and 
knock-in mice did not differ significantly from age-matched WT littermates.

•	A significant increase in the input resistance and a significant reduction in 
both the rheobase and spike amplitude were found for both mouse lines, 
indicating that MSNs from both R6/2 and Q175 mice are intrinsically more 
excitable than their WT littermates.

•	Analysis of MSN evoked synaptic responses to stimulation of the corticos-
triatal pathway revealed a reduction in transmission in transgenics and 
knock-ins respectively when compared to controls.

•	Recordings from R6/2 MSNs in response to cortical paired-pulse stimulation 
with very brief inter-stimulus intervals (ISI = 20 ms) showed a statistically 
significant difference, while longer ISIs and recordings from Q175 animals 
were comparable to WT responses. 

•	The mEPSC frequency was found to be significantly reduced for R6/2 and 
Q175 animals alike, while the average mEPSC amplitudes were found to be 
similar to their respective WT controls.

•	Combined, these results indicate a reduction in corticostriatal transmission 
for both genotypes that could be explained by a reduction in release 
probability (for R6/2 mice) or a decrease in the number of functional 
synapses (R6/2 and Q175 mice).

•	These electrophysiological signatures can be used to screen for compound 
efficacy.

Fig 3: Excitatory postsynaptic current amplitudes of striatal MSNs plotted against 
cortical stimulation intensity for R6/2 (top, orange) and Q175 (bottom, orange) 
compared to their WT littermates (blue). Data are presented as mean ± SEM. 
Statistical significance was assessed using two-way ANOVA and a Bonferroni post-
test (nR6/2=10, nR6/2 ctrl=10; nQ175=15, nQ175 ctrl=15).
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Fig 4: Paired-pulse ratio (PPR) of striatal MSNs. PPRs are plotted against the 
inter-stimulus interval (ISI) for R6/2 (top, orange, n=10) and Q175 (bottom, orange, 
n=15) compared to their WT littermates (blue). Data are presented as mean ± SEM. 
Statistical significance was assessed using two-way ANOVA and a Bonferroni post-
test.
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Fig 1: Passive membrane properties of MSNs from R6/2 and Q175 mice compared 
to WT littermates. From top to bottom, the resting membrane potential (RMP), cell 
capacitance (Cm) and input resistance (Rin) are shown. Open and closed circles show 
data from individual neurons, lines  indicate mean ± SEM. Statistical significance was 
assessed using an unpaired Student’s t-test (nR6/2=55, nR6/2 ctrl=41; nQ175=15, nQ175 ctrl=15).  
No differences in resting membrane potential or cell capacitance were observed 
while a significant increase in the input resistance was found for  MSNs recorded 
from both R6/2 and Q175 mice when compared to their respective age-matched 
WT  controls.
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Fig 2: Results from current injection into MSNs from R6/2 and Q175 mice compared 
to WT littermates. Rheobase (amount of current required to elicit spiking) is shown 
on the left, the amplitude of the observed spike on the right. Open and closed circles 
show data from individual neurons, lines  indicate mean ± SEM. Statistical significance 
was assessed using an unpaired Student’s t-test (nR6/2=55, nR6/2 ctrl=41; nQ175=15, 
nQ175 ctrl=15).
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Fig 5: Average mEPSC frequency and amplitude determined for striatal MSNs 
from R6/2 (left) and Q175 (right) mice compared to their WT littermates. Data are 
presented as mean ± SEM (nR6/2=10, nR6/2 ctrl=12; nQ175=24, nQ175 ctrl=24).
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