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Fig. 1 Changes in body weight, glucose resistance, and insulin resistance of high—sugar diet mice
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(a) High-sugar diet feeding and metabolic detection timeline: C57/BL male mice were fed with different diet for one month, the group of high-sugar

diet was fed with a monosaccharide content of 25% (glucose:fructose=1:1), and the control group was fed with a monosaccharide content of 0%. The

composition and proportion of the three major substances of the two feeds are identical, and only the carbohydrate composition is different. (b) Curve

of mice weight. Both groups of mice are weighed once a week. (c) Body weight after two months of feeding. HSD (n=13), Ctrl (n=13). (d) Blood

glucose curves in mice during IPGTT detection. After overnight fasting, mice were injected with 20% glucose solution at a dose of 1 g/kg, and their

blood glucose concentrations were measured after 0, 15, 30, 60, 90, and 120 min, respectively. (e) Area under the curve of IPGTT. (f) Blood glucose

curves in mice during ITT detection. Mice are fasted for 5 h (10:00-15:00), during which only water is provided. Mice were injected intraperitoneally

with insulin at a dose of 0.75 U/kg. The blood glucose concentration was measured after 0, 15, 30, 60, 90 and 120 min, respectively. (g) Area under

the curve of ITT. The data are expressed as meantSEM. ***P<0.001 and ****P<0.000 1, Mann-Whitney U test.
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Fig.2 The orientation discrimination ability decreased in mice by a high—sugar diet

(a) Schematic diagram of mice performing GO/NO-GO orientation discrimination licking task. Mice need to respond to the stimuli presented on the

screen (licking water or not licking water). Visual stimulation begins to appear 1 s after the bright screen stimulation prompt, the first 2 s of visual

stimulation are non-response windows, and the last 2 s are response windows. In the response window, when the GO stimulus (vertical grating)

appears, the mouse licking water that is the water reward is recorded as hit, and if it is not licked and not given water, it is recorded as miss; when NO-

GO stimuli (non-vertical gratings) appear, mice lick to give jet punishment, recorded as False, not licking without reward, recorded as Correct reject.

(b) Retinal detection. A: Panoramic fundus photography to detect changes in retinal micro vessels in mice. B: Schematic diagram of HE staining of

mice retinal sections. The left figure shows the control group (n=5) and the right figure shows the high-sugar diet group (n=5). (c) Differences in

orientation discrimination between the high-sugar diet group (n=9) and the control group (n=10). The orientation difference of the visual stimulus

during the test phase is 15°. (d) Comparison of thickness of each cell layer stained by HE of retinal section. Data are expressed as mean+SEM, ns, no

significant difference, **P<0.01, Mann-Whitney U test.
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Fig.3 Receptive field properties of neurons in primary visual cortex by electrophysiology recording in vivo

(a) Schematic diagram of in vivo electrophysiological recordings. The V1 cortex (depth 900 um) is implanted using 1x32 multichannel electrodes and
the visual stimulus is a drift grating with 95% contrast. Before starting data recording, the optimal spatial and temporal parameters have been
determined, with a total of 10 cycles of visual stimulation, with random movement in 12 different directions in each cycle (0-330° at 30° intervals,
and a blank stimulus for recording spontaneous activity). (b) Schematic diagram of orientation tuning. The left panel shows the control group mice,
and the right panel shows the mice in the high-sugar diet group. The better the orientation tuning, the narrower the orientation tuning curve.
(c) Statistical comparison of neuronal spontaneous emission in V1 region. (d) Statistical comparison of neuronal evoked emission in V1 region.
(e, f) Statistical comparison of the orientation selectivity of neurons in the V1 region. The orientation selectivity is characterized by OB, the more OB
value tends to 1, the stronger the preference of neurons for a certain orientation, and the stronger the orientation selectivity of neurons. HSD: n=5,
Ctrl: n=5, the data are expressed as meantSEM, **P<0.01, ****P<(0.0001, Mann-Whitney U test.
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Fig. 4 Information processing ability of neurons in the V1

(a) Schematic diagram of neuronal information processing. When receiving the same visual stimulus, neurons respond differently to noise. (b) Signal-

to-noise ratio of individual neurons in the primary visual cortex. (c) Level visual cortex single neuron response variability. Reaction variability is

characterized by Fano factor (FF), and the larger the FF, the greater the reaction variability. (d) Signal-to-noise ratio of neuronal populations.

(e) Response variability in neuronal populations. HSD: n=5, Ctrl: n=5. Data are expressed as meantSEM, *P<0.05, **P<0.01, ****P<0.000 1,

Mann-Whitney U test.
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Fig. 5 Neuronal noise correlation of primary visual cortex (V1)

(a) Statistical comparison of noise correlation between neuronal pairs. (b) Statistical comparison of noise correlation between neuronal pairs at

different distances. According to the distance of the upper site of the multichannel electrode, the neuronal pairs were divided into 100, 200, 300, 400,

500, and 600 um respectively to calculate the noise correlation between the neuronal pairs at each distance. HSD: n=5, Ctrl: n=5, the data are
expressed as mean+SEM, ns, no significant difference, *P<0.05, **P<0.01, ***P<0.001, and ****P<0.000 1, Mann Whitney U test.
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Functional Impairment and Mechanism of The Primary Visual Cortex of
Young Mice With High—sugar Diet’
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Abstract Objective Many studies have shown that a high-sugar diet can do a lot of harm to the health of
teenagers. As one of the important windows for human to perceive the world, the visual system plays an important
role in teenagers’ perception ability. Many studies have confirmed that high-sugar diet can damage visual
function, but the current research on the effects of high-sugar diet on visual function mainly focuses on the front
of the visual pathway, focusing on the eye system and the optic ganglion, the posterior of the visual pathway, such
as the visual central cortex, has not been reported. In order to understand the effect of high sugar diet on visual
function, the effect of high sugar diet on central cortex was studied. Methods In this study, we used the

behavioral paradigm of GO/NO-GO orientation discrimination task and in vivo multi-channel electrophysiological
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techniques to explore the effects of high-sugar diet on the primary visual cortex of young mice. Results Behavioral
results showed that young mice that had undergone two months of high-sugar diet had a reduced ability to
distinguish orientation. The response characteristics of single neurons in the primary visual cortex (V1) were
analyzed by electrophysiological techniques. It was found that the ability of orientation tuning of single neurons
in the primary visual cortex decreased in mice fed with high-sugar diet, the response variability of neurons
increased and the signal-to-noise ratio (SNR) decreased significantly. We further analyzed the changes of SNR
and response variability at population level. The results showed that SNR decreased significantly and response
variability increased significantly at population level. The results of neuron correlation analysis showed that the
noise correlation of primary visual cortex in the high-sugar diet group was significantly up-regulated. Conclusion
These results suggest that a high-sugar diet impairs the ability of young mice to discriminate orientation by
affecting the receptive field characteristics of individual neurons in the primary visual cortex, as well as the

information processing capacity of neuronal populations.
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