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Effects of urethane on the response properties of visual

cortical neurons in young adult and old cats
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Abstract: Previous studies have shown that visual cortical neurons in old mammals exhibit higher spontaneous

activity, higher responsiveness to visual stimuli, and lower selectivity for stimulus orientations and motion directions than

did neurons in young adult counterparts. However, whether the responsive difference in cortical neurons between young

and old animals resulted from different effects induced by anesthetics has remained unclear. To clarify this issue, we

recorded the response properties of individual neurons in the primary visual cortex of old and young adult cats while

systematically varying the anesthesia level of urethane, a widely used anesthetic in physiology experiments. Our results

showed that cumulatively administrating 50 mg and 100 mg of urethane upon the minimal level of urethane required to

anesthetize an old or young adult cat did not significantly alter the degree of neuronal response selectivity for stimulus

orientations and motion directions nor significantly change the visually-driven response and spontaneous activity of

neurons in old and young adult cats. Cumulatively administrating 150 mg of urethane decreased neuronal responsiveness

similarly in both age groups. Therefore, urethane appears to exert similar effects on neuronal response properties of old

and young adult animals.

Key words: Urethane; Anesthesia effects; Neuronal response properties; Primary visual cortex; Young adult cats; Old cats

Urethane s

s s

Q42; R338.8; Q954.671

Anesthetic effects of various drug agents have been
reported frequently, but few authors have focused on
whether anesthesia exerts different effects on young and
old subjects. Clinical observations indicate that the
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anesthetic dosage needed for induction and maintenance
of anesthesia varies with patient age. In general, young
subjects need a higher dose than older subjects (Hilton et
al, 1986; Scheepstra et al, 1989; Larsson & Wabhlstrom,
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1998; Segal et al, 2002), while amobarbital, propofol,
thiopentone, isoflurane, and nitrous oxide exert a larger
anesthesia effect on older subjects than younger subjects,
such as more severely impaired short and long term
memory as well as reduced vigilance and competence in
motion detection (Nadstawek et al, 1989; Culley et al,
2003). After being anesthetized, old subjects took longer
time to wake up or return to baseline EEG status
(Scheepstra et al, 1989; Segal et al, 2002). Some authors
suggest that maintaining anesthesia might alter the
sensitivity of the central nervous system of old
individuals to anesthetics. For example, old animals
might develop an acute tolerance after repeated exposure
to propofol whereas young animals do not. Therefore,
old brains might be less sensitive to anesthesia than
young ones (Larsson & Wahlstrom, 1996, 1998).
Although some observations on different behavior
response of young adult and aged individuals to
study has
systematically examined the effects of different anesthesia

anesthetics have been conducted, no
level on the single-cell response in old and young adult
brains. A recent study observed the anesthetic effects of
isoflurane and halothane on the response properties of
single neurons in the visual cortex of normal young adult
animals (Villeneuve & Casanova, 2003). This study
reported that increasing the concentration of anesthetics
could decrease the animal’s heart rate, expired CO, and
neuronal responsiveness, but did not significantly change
neuronal selectivity for stimulus orientations, motion
directions and signal-to-noise ratio. Urethane is a
anesthetic widely used in cat visual electrophysiology
experiments (Shou et al, 1996; He et al, 2005; Hua et al,
2006, 2009). Impacts of different urethane dosage on the
neuronal response properties in young and old subjects
has not been documented anywhere, yet is a concern in
the interpretation of data from experiments using young
and old anesthetized animals. To clarify this concern, we
compared effects of different anesthesia levels of
urethane on the responsiveness of single V1 neurons
between old and young adult cats.

1 Materials and Methods

1.1 Subjects

Subjects included six young adult cats (2 — 3 years
old) and four old cats (12 — 14 years old). The body
weight of all cats ranged from 2 to 3 kg. All cats were
examined ophthalmoscopically to confirm they had no
optical or retinal problems that would impair their visual

functions. All experiments were conducted strictly in
accordance with the National Institutes of Health Guide
for the Care and Use of Laboratory Animals.
1.2 Preparation for extracellular recording

The preparation for extracellular single-unit
recording was carried out as previously described (Hua
et al, 2006, 2010). Briefly, cats were pre-anesthetized
with ketamine HCl (40 mg/kg, im) and xylazine (2
mg/kg, im). Local anesthesia was by way of Lidocaine
(1%) application to all incisions for surgical entry to the
skull of cats. After intubation of intravenous and tracheal
cannulae, cats were placed in a stereotaxic apparatus.
Pupils were maximally dilated with atropine (1%), and
appropriate contact lenses were used to protect the
cormeas. A mixture of urethane [20 mg/(kgh)] and
gallamine triethiodide [10 mg/(h-kg body weight) Jwas
infused intravenously to maintain anesthesia and eye
muscle paralysis. Animals were artificially respired, and
expired CO, was maintained at approximately 4%. To
assess the level of anesthesia, ECG (electrocardiograph)
and heart rate (180 — 220 beats/s) were monitored
throughout the experiment. A small hole was drilled in
the skull at a position 4 — 8 mm posterior to the ear bars
and 0 — 4 mm lateral to the midline. A glass-coated
tungsten microelectrode (impedance 3 — 5 MQ) was
positioned over area 17 according to stereotaxic
coordinates of the cat brain and advanced using a
hydraulic micromanipulator. After the preparation was
completed, the optic discs of the two eyes were reflected
on a tangent screen positioned 114 cm from the retina,
and the central areas for both eyes were located.
1.3 Visual stimulation

Visual stimuli were drifting sinusoidal gratings,
written in MATLAB and shown on a CRT monitor
(1024x768, 85 Hz) 57 cm from the animal’s eyes. Once
a single unit was isolated, the cell’s receptive field center
was carefully located by consecutively presenting
computer-generated light spots on the CRT. We selected
optimal stimulus size and temporal and spatial frequency
of gratings for each cell by presenting a series of
stimulus packages. Each stimulus was presented
monocularly to the dominant eye. A neuron’s tuning
response to stimulus orientations and motion directions
was obtained by presenting a stimulus package of
gratings moving in 24 different motion directions
(0 — 360° scale with an increment of 15°). The
orientation of each drifting stimulus was orthogonal to its
direction of motion. Before each stimulus presentation,
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I-second spontaneous activities were acquired, while
mean luminance was shown on the CRT. Each stimulus
repeated 4 — 6 times with a 5-minute interval between
trials for functional recovery of the recorded neuron. The
presentation duration of each stimulus was less than 5
seconds based on the neuron’s optimal temporal
frequency. The stimulus mean luminance and contrast
were fixed at 19 cd/m? and 80%, respectively, and the
environment luminance on the cornea was 0.1 lux.
1.4 Experimental procedure

After a single unit was isolated, the orientation
tuning curve of the neuron was recorded repeatedly
(4 — 6 times). We then cumulatively increased the
anesthetic level of urethane (from 50 mg, 100 mg to 150
mg) by intravenous injection in one dose (each dose
contained 50 mg urethane in 3 mL 0.9% physiological
saline), while observing the effects of the increased

anesthetic level on the same neuron’s response properties.

Extracellular recordings and heart rate sampling was
started 5 minutes after each modification of anesthetic
level and repeated 3 — 4 times with a 5-minute interval.
The testing of each anesthetic level lasted within 30
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minutes. After testing all anesthetic levels on each
neuron, a solution containing 0.9% physiological saline
and 5% glucose or minimal level of urethane (20
mg/hr-kg body weight) and gallamine triethiodide (10
mg/hr-kg body weight) was infused intravenously while
the animal’s heart rate and ECG were continuously
monitored to assess anesthesia level and functional
recovery. After heart rate and ECG returned to the
normal range (usually lasting about 6 — 8 h), we repeated
the examining procedure on the next neuron.

1.5 Data collection and analysis

The neuron response signal was amplified with a
microelectrode amplifier (NIHON KOHDEN, Japan) and
differential amplifier (FHC, USA), and action potentials
were fed into a window discriminator with audio monitor.
The original voltage traces (Fig. 1A,C) were digitized
using an acquisition board (National Instruments, USA)
controlled by IGOR software (WaveMetrics, USA).

The responses of each neuron to different stimuli
were analyzed in real time or stored in the computer for
later analysis. The response of a cell to different stimulus
orientation and direction were defined as the mean
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Fig. 1 The voltage trace (panel A&C) of a sample cell’s response to a grating stimulus, with optimal orientation and

motion direction (A: 330°; C: 240°) and orientation tuning curve (panel B & D) to stimuli with different orientations
and motion directions in old (A & B) and young adult (C & D) cats

1, 2, 3 and 4 represent neuronal response at the minimal anesthesia level and the cumulative dosage of 50 mg, 100 mg, and 150 mg, respectively. The change in

neuronal orientation bias (OB), motion direction bias (DB), spontaneous activity (BR), and maximal response (OR) are shown on the orientation tuning curves

in panel B and D.
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response (spontaneous activity subtracted) corresponding
to the time of stimulus modulation, which was used to
draw the orientation tuning curve (Fig. 1B,D). The
orientation and motion direction selectivity of each cell
were calculated (Schmolesky et al, 2000; Hua et al,
20006). Briefly, the responses of each cell to the different
stimulus orientations or directions were stored as a series
of vectors. The vectors were added and divided by the
sum of the absolute values of the vectors. The angle of
the resultant vector gave the preferred orientation or
direction of the cell. The length of the resultant vector,
termed the orientation or direction bias (OB or DB),
provided a quantitative measure of the orientation or
direction sensitivity of the cell. A cell’s maximal response
was defined as the response (subtracted spontaneous
activity) to optimal orientation and motion direction.

All values were expressed as mean + standard
deviation. Variations between different anesthetic levels
and different age groups were evaluated using analysis of
variance (ANOVA), paired t-test, and Chi-square test.

2 Results

A total of 18 neurons from the six young adult cats
and 14 neurons from the four old cats were examined
(with an additional 13 neurons excluded from data
analysis because of escaping during recording). The
proportion of simple cells to complex cells was
comparable in the two cat groups, with seven simple
versus eleven complex in young adult cats and five

simple versus nine complex in old cats (y* 1y=0.034,
P=0.854). Therefore, data from the two types of cells
were combined for statistical analysis.
2.1 Heart rate change

Tab. 1 shows the average heart rate changes after
each anesthetic level modification and heart rate
recovery at different times from dosage change. On the
whole, the heart rate remained within a normal range of
180 — 210 pulses/s at different dosage of urethane in both
old and young adult cats. The heart rate change was also
similar for the two age groups. However, unlike previous
reports (Villeneuve & Casanova, 2003), the heart rate
observed in this study actually increased with anesthetic
level of urethane, especially at high anesthetic levels
(paired t-test: P<0.05). This heart rate increase lasted at
least 5 hours before recovery to the initial heart rate level.
2.2 Neuronal response properties

Tab. 2 shows average neuronal response changes
after each anesthesia level modification. Statistical
analysis indicated that cumulatively administrating 50
mg or 100 mg urethane did not significantly change the
degree of neuronal selectivity for stimulus orientations,
directions, visually evoked response, or baseline response
(Fig. 2A — D) in either old or young adult cats (paired t-
test, P>0.05). However, the neuron’s visually-driven
response at 150 mg of urethane significantly decreased
(averagely decreased by 27.3% for the young cats and
25.8% for the old cats) when compared with that at
minimal anesthetic level (Fig. 2C) (paired t-test, P<0.05).

Tab. 1 Heart rate change 5 minutes after each anesthesia level modification and heart rate recovery

M Dosage of urethane (mg) Recovery time (min)
50 100 150 60 120 300 420
Heart rate
YC (N=18) 184+3.6 186+3.1  188+3.6 201+4.2 19743.8 195+3.5 19134 185+3.7
OC (N=14) 183+2.9 187433 193+4.0 203+4.4 2004+3.8 193+3.3 188+3.0  185+3.1

M represents the minimal level of urethane (20mg/hr-kg body weight). YC and OC represent young cats and old

cats, respectively. N represents the number of neurons recorded. Each heart rate (pulse/s) sample lasted for 2

minutes. All values are expressed as mean + standard deviation.

Tab. 2 Changes in neuronal response properties at different anesthetic levels of urethane

Dosage Young cats (N=18) Old cats (N=14)
OB DB OR BR OB DB OR BR
M 0.54+0.04 0.37+0.04  44+3.6 22+03  0.27+0.04 0.16+0.03  62+5.8 9.6+1.5
M+50 mg  0.5240.04 0.36+0.03  42+3.4 2.0+0.2  0.29+0.04 0.18+0.03  60+5.2 9.3+1.6
M+100 mg 0.53+0.03 0.38+0.04  43+3.7 2.2+0.3  0.27+0.03 0.16+0.02  61+£5.9  10.4+£1.7
M+150 mg 0.52+0.03 0.37+0.04  32+3.0 2.1+0.3  0.28+0.04 0.17+0.03  46+4.8 9.5+1.4

M represents the minimal level of urethane [20 mg/(h-kg body weight)]
recorded. OB, DB, OR and BR represent the mean normalized orientation bias, direction bias, optimal response,
and baseline response of all neurons recorded, respectively. All values are expressed as mean + standard error of

the mean.

. N represents the number of neurons
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Fig. 2 Changes in neuronal response properties at different dosages of anesthesia for old cats
(black square) and young adult cats (white square)
M represents the minimal level of urethane (20 mg/hr-kg body weight). The mean orientation bias (A), direction bias (B), maximal response (C),

and spontaneous activity (D) of all neurons after administration of 50 mg and 100 mg urethane showed no significant difference when compared

with that at minimal level of anesthesia (P>0.05). The mean maximal response (C) after administration of 150 mg urethane was significantly

reduced compared with that at minimal level of anesthesia (P<0.05).

Even under the highest level of anesthesia, the neuron’s
spontaneous activity and selectivity for stimulus orientations
and motion directions did not show significant change
compared with minimal anesthesia level (paired t-test,
P>0.05). Therefore, the effects of urethane on single
neuron’s response at different anesthesia levels were
similar in both age groups of cats. As shown by the
ANOVA analysis, the neuronal selectivity for stimulus
orientations and motion directions at each anesthesia
level in old cats significantly decreased compared with
that in young cats (OB: F(;,120=92.637, P<0.0001; DB:
F(1,120=65.576, P<0.0001),
spontaneous activity (BR) and visually-evoked response

whereas the neuronal
(OR) at each anesthesia level in old cats were significantly
higher than in young adult cats (OR: F( 120=29.414,
P<0.0001; BR: F(; 120=111.813, P<0.0001).

3 Discussion

To study the effects of various anesthetics on
human and nonhuman subjects is of great importance in
clinical practice and neuroscience research. Many studies
have shown that anesthetics not only affect cardio-
vascular reactions but also brain and neuronal activities
(Uhl et al, 1980; Sebel et al, 1986; Tigwell & Sauter,
1992). Some anesthetics, particularly volatiles, may
affect or even modulate the activity of GABA receptors,
which are, in turn, involved in the shaping of neuron’s
receptive field properties (Nakahiro et al, 1989), and thus

may modify neuron selectivity for stimulus orientations
and motion directions.

Urethane is a widely used anesthetic in animal
electrophysiology research. It remains unclear, however,
whether different concentrations or dosages of urethane
affect cardio-vascular and neuronal activities. The
present study showed that the heart rate of both old and
young adult cats increased with anesthesia level of
urethane, especially at higher anesthetic levels. This
observation differed from previous reports that
improving the concentration of isoflurane and halothane
can suppress heart rate (Villeneuve & Casanova, 2003).
This difference may be caused by different anesthetics. It
is possible that urethane may exert an excitatory
influence on the heart though most anesthetics, such as
isoflurane and halothane, display a suppressive effect.
Further studies are needed to clarify this possibility. Our
results also showed that urethane exerted no significant
effects on neuronal selectivity for stimulus orientations
and motion directions, which was in agreement with
reports on other anesthetics (Villeneuve & Casanova,
2003). Although the visually-evoked response of neurons
decreased significantly at high anesthetic level of
urethane, neuronal selectivity for stimulus orientations
and motion directions was not significantly affected (Fig.
2A — C). This result indicated that urethane might
equally affect neuronal response to all stimulus
orientations and motion directions and might not be
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involved in the regulation of intracortical inhibition,
especially GABAergic inhibition. Unlike other anesthetics
(Villeneuve & Casanova, 2003), urethane shows a mild
effect on neuronal response properties. Even at a high
dosage (150 mg), urethane exerted a comparable effect
on the responsiveness of neurons in old and young adult
animals. Therefore, we concluded that the effects of
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