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Development of stereotaxic recording methods for awake

marmosets
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Summary (Abstract) of doctoral thesis contents

The common marmoset (Callithrix jacchus) is a New World monkey species living in the
South America. Marmosets are easier to handle than macaque monkeys, because marmosets are
small and gentle.  Although the marmoset brain is small and the cerebral cortex is
lissencephalic, marmosets share common brain structures with the other primates including
macaques and humans. Moreover, their breeding efficacy is high, and this advantage has
enabled the generation of transgenic marmosets. Owing to these advantages, marmosets have
emerged as an alternative to macaque monkeys as a primate model for neuroscience and medical
research. However, there are only a few reports in which neuronal activity was recorded in
behaving and awake marmosets. Here, | introduced a newly developed stereotaxic system for
marmosets and performed neuronal recording in the awake state.

I modified the head-fixation system for macague monkeys to fit to marmosets: The metal
frame held anterior-posterior stereotaxic bars and head-fixation blocks, and the marmoset chair
was composed of neck and waist plates, a perch and a waste tray, which are held by four pillars.
Under inhalation anesthesia with 1-2% sevoflurane and 25% N0, the head of the marmoset was
fixed in a stereotaxic frame. The skull was widely exposed and covered with bone adhesive
resin. A pair of head-fixation tubes, which were made from polyether ether ketone, were
positioned medio-laterally and horizontally to the stereotaxic plane on the skull and fixed using
dental resin. Vital signs were monitored with a pulse oximeter.

After full recovery from the first operation, a structural magnetic resonance imaging (MRI)
was acquired by a 3T MRI scanner to localize deep brain structures. Under general anesthesia
with ketamine and xylazine hydrochlorides, the head of the marmoset was fixed painlessly to the
stereotaxic MRI apparatus, which was made from materials compatible with MRI and fitted to
the inside the volume coil of the scanner.

In order to access the cerebral cortex and deep brain structures, partial craniotomy was
performed. A marmoset was seated in the marmoset chair, and its head was painlessly fixed to
the stereotaxic frame. Under the general anesthesia with ketamine hydrochloride, the skull was
slowly and carefully exfoliated using an ultrasonic scalpel to minimize surgical damage to the
brain. Then, the recording chamber was attached to cover the hole and fixed.

To record neuronal activity, the awake marmoset was seated in the marmoset chair with its
head restrained. The homemade glass-coated Elgiloy-alloy microelectrode (0.8-1.5 MQ at 1
kHz) was inserted into the cortex perpendicularly to the cortical surface through the dura mater
with a hydraulic microdrive. Neuronal activity was amplified using a homemade amplifier and
continuously monitored with an oscilloscope and a sound monitor. Neuronal responses to
somatosensory stimuli were examined. Intracortical microstimulation (ICMS; < 60 pA with a
train of 12 cathodal monophasic pulses, 200 ps duration at 333 Hz) was performed, and evoked
movements and muscle contractions were observed. ICMS typically induced movement of a

single joint in the contralateral forelimb, hindlimb, or muscle twitch in the face area. The area
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where low current stimulation < 10 pA induced movements was found and considered to be the
primary motor cortex (MI). In the medial part of the MI, ICMS evoked movements of the
hindlimb. The sites representing the forelimb were widely distributed in the area lateral to the
hindlimb representation. In the area anterior to the MI, higher current stimulation of 20-50 pA
was needed to evoke movements. The area was considered to be the premotor cortex. The
area that required higher current stimulation of 15-30 pA to elicit body movements was found
immediately posterior to the MI and was considered as the somatosensory area 3a.

Based on MRI images, the Elgiloy-alloy microelectrode was inserted vertically into the deep
brain structures. | successfully recorded in the internal and external segments of the globus
pallidus, thalamus, and cerebellar nuclei, which were confirmed by their characteristic firing
rates and patterns. | also injected an adeno-associated virus vector carrying the enhanced green
fluorescent protein (EGFP) transgene into the caudate nucleus. The expressed EGFP was
clearly observed in the nucleus.

This system is suitable for functional mapping of the brain, since the large recording chamber
allows stereotaxically access to arbitrary regions over almost the entire brain. In addition, this
system is desirable for neuronal recording during task performance to assess motor skills and
cognitive function, as the marmoset sits in the marmoset chair and can freely use its hands.
Moreover, this system can be used in combination with cutting-edge techniques, such as
two-photon imaging and optogenetic manipulation. This recording system will contribute to

boosting neuroscience and medical research using marmosets.
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Summary of the results of the doctoral thesis screening
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