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To understand human color vision, it is necessary to understand the structure and function of the nervous system
that processes color information. In contrast to the understanding of the cerebral cortex, color information
processing in the lateral geniculate nucleus (LGN), especially in the K cell layer, has not been well understood due
to limitations in experimental techniques, preventing full understanding of structure and function. Although
progress has been made in understanding the K layer mainly through studies using marmosets, marmosets differ
from humans in brain structure and color vision. Therefore, to understand human color vision, it is necessary to
study the K layer in macaque monkeys, a primate more closely related to humans. Based on anatomical studies,
cells in the K layer are thought to respond to blue visual stimuli. However, no studies have directly shown that
cells in the K layer respond to blue in macaque monkeys. In this paper, I developed an experimental system and a
fine-scale marking method to prove the recording site of the K layer of the Macaque, providing direct evidence that
blue-responsive cells are localized in the K-layer.

At first, I developed a novel visual neurophysiology experimental system, utilizing a single computer
and one data acquisition system (DAQ), and evaluated its temporal accuracy. In this system, two PCs and DAQs in
the previous system were integrated into one PC and DAQ. Matlab-PsychToolbox manages visual stimulation and
behavioral control, while the DAQ (TDT) handles neural recording and real-time analysis. Additional analysis,
such as calculating the peri-stimulus time histogram, is conducted in a second instance of Matlab. The
development language of the system is solely Matlab. Thus, the cost from system installation to operation is lower
than conventional systems, and even researchers unfamiliar with system development can develop the system on
their own. The system can synchronize signals between hardware in less than 1 ms and draw stimuli with one
frame delay, indicating that it has the same time performance as conventional systems. The parallel execution of
two Matlabs allows for precise real-time control and simultaneous resource-consuming analysis. The system
exhibited adequate temporal performance for visual neurophysiology experiments, and operated stably for over
2000 hours in experiments involving awake macaque monkeys. These results indicate that this system is useful
for neurophysiological experiments.

Next, I developed a fine-scale and minimally invasive marking method using tungsten microelectrodes.

Conventional marking methods have problems in resolution and invasiveness to tissues and are insufficient for
application to microstructures in the deep brain. Therefore, I developed a novel marking method of simple, fine
scale, and low invasiveness for use with tungsten electrodes. Tungsten needles are often processed by electrolytic
polishing with alternating current, and small fragments of tungsten oxide appear and deposit around the tip. This
tungsten oxide could be a mark if the electrolytic polishing is processed in vivo. The marking was clearly visible as
a bright red in dark-field microscopy, probably due to the specular reflection of the tungsten oxide. Thus, even tiny
fragments of tungsten oxide smaller than cellular size were visible in low magnification image, contributing
prompt detections of the marking. Experiment on mice in vivo, I observed fine-scale markings with a size of less
than 20 pm while minimizing damage to the surrounding cells. Furthermore, re-analysis of monkey brain slices
that participated in the electrical stimulation experiment revealed that the markings persisted without invading
the surrounding tissue and lasted for at least two years in vivo. These results indicate that this marking
technique using tungsten electrodes is useful for long-term chronic experiments on primates.
Finally, the experimental system and marking technique developed in this paper were used to record color
responses in the LGN of Macaque monkeys and provide fine-scale evidence of the location of cells responding to
blue color. In the experiment, a total of 330 color response units were recorded from two monkeys, 26 of which
responded to blue, and marking was performed at each recording site. The results showed that all identified
markings were located in the K layer. This strongly suggested that the cells responding to blue were localized in
the K layer.

In summary, this paper demonstrates a new experimental technique for deep brain regions and provides
further insight into the structure and function of the K layer of the LGN, a deep brain area that constitutes color
vision. Although unit recording using metallic microelectrodes is classic, the combination of single unit recording
and my marking technique could be most effective methods available today for recording neural activity in the
deep brain microstructure. I believe that the results of this paper will bridge the divide in our understanding of
the structure and function of the early visual system and advance our understanding of the fine organization of
the deep brain, which is still largely obscure.






