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Early-stage diabetes induces structural damage and functional deficits in the
mouse primary visual cortex
Chen Hanlu, Tang Haogiong, Feng Lixia
(Department of Ophthalmology, The First Affiliated Hospital of Anhui Medical
University, Hefei 230022)

Abstract Objective To investigate morphological and functional neural network alterations

in the primary visual cortex (V1) during early-stage diabetes. Methods 32 SPF male C57BL/6J
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mice were randomly divided into control and diabetic groups. Type 1 diabetes was induced by
intraperitoneal streptozotocin (STZ) injection, with model validation via oral glucose tolerance
test (OGTT) at week 4. Nissl staining was used for structural analysis. Immunohistochemistry was
used for assessing CaMKII and SST expression, and SST signal density on CaMKII* neurons in
V1. In vivo electrophysiology was used for studying neuronal firing and functional connectivity.
Results Compared with the control mice, nissl staining showed diabetic mice exhibited
significant V1 thinning (P=0.02), reduced neuronal density (P=0.01); immunohistochemistry
found decreased SST integral optical density (P=0.02) and elevated mean fluorescence intensity
(P=0.01), and lower SST density on CaMKII+ neurons; In vivo electrophysiology studies
indicated reduced action potential peak-to-trough ratio and the absolute values of slope (P<0.01),
as well as impaired functional connectivity, including conditionalfiring, mutualinformation, and
Granger causality (P<0.000 1). Conclusion Early diabetes induces V1 structural atrophy
accompanied by SSTergic system disruption and multi-level functional degradation from single
neurons to neural networks.

Key words diabetes; primary visual cortex; atrophy; neuron; immunohistochemistry;
electrophysiology
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1 BADRE OGTT &RIE
Fig. 1 Comparison of OGTT results between control mice and diabetes mice
E: ""P<0.001,
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P<<0.000 1 vs Control group.
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Fig. 2 Representative Nissl-stained brain sections from the two groups of mice %10
7E: A, B: Representative Nissl-stained brain sections from control and diabetes mice (scale bar:
500 pum); C, D: Example images showing the differences in V1 thickness between control and
diabetes mice; E, F: Example images illustrating the differences in neuronal density in V1 between

control and diabetes mice.
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Tab.1 Comparison of V1 cortical morphology between the two groups (X +s)

Variable Control (n=5) Diabetes (N=5) t value P value
Thickness (um) 847.79437.51 814.07436.05 251 0.02
Neuronal density (cells/mm= 1477.754227.01 1295.40+120.35 2.75 0.01
Hemispheric slice area (mm=f 23.6241.31 23.7441.02 0.29 0.78
LGN area (mm=f 0.3440.07 0.3240.04 0.98 0.34

2.3 BERREHAR VI WA R AEES R E S E R RN
AR AN AR, PRl 76 R /N ER A AR BRAIE o b IR 0 A el R B
498, B PRI AHILIC R BNASINMHE TC . IEH /N B VIRRE e SR A i r e e 2
H, WEIBA. BEIRIAL VIMIZ TuaE r A i 2R AR IR B B R R IR S v, il R B P
2%, WLKEI3B. WKW VIsHE G IER LU IER 4 TR (1=3.257, P=0.0012, [I3C).
WEPRI L VL 20 70 1 2 R 2R R 4 s 5 T e REAHL I/ (1=2.797, P=0.005 3, KEI3D).
VIR T 58 2 RS0 L (1=0.636 1, P=0.524 8, [E3E). FERIGYL VIHL Lk

R R I A T (1=4.24 9, P<0.0001, &I3F).
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Fig. 3 Impaired electrical activity and action potential waveforms in V1 neurons
7E: A: Schematic representation of typical action potential waveform and waveform parameter in
V1 neurons; B: Comparison of averaged action potential waveforms from V1 neurons between the
two groups; C-F: Quantitative comparisons of action potential waveforms properties and evoked
firing rates between groups: peak-to-trough ratio (C), absolute slope (D), spike width (E), and

Kkkk

evoked firing rate (F); “P<0.01, P<0.000 1 vs Control group.
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SRR FLARPE IR o 1E X R L L) P (AP 24 A P A1 M 186.206, 7 R s 21 9] P B k1
BIIR A 9219.871. BRI VIRPZ TCIA] ) 2% AF T #20.369 2 (0.348 1) H.{# E{E0.003 5
(0.008 9). AR H 5 R {H0.008 6 (0.010 20 $AAHNT IE F Xof HE AL 4547 FEL%R.0.441 3
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it = X (P<0.0001, ®4B~4D).
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Fig. 4 Impact of diabetes on functional connectivity and information transfer in V1
7E: A: Representative heatmaps of conditionalfiring from V1 neuron pairs in the two groups. The
x- and y-axes represent the indices of neuron. The color scale is shown beside each heatmap, with
darker colors indicating higher conditionalfirin. The average grayscale value for the representative
control heatmap is 186.206, while that for the diabetic group is 219.871 (higher grayscale values
correspond to lighter colors); B-D: Comparisons of pairwise neuronal interactions between groups:

Kkkk

conditionalfiring (B), mutualinformation (C), and Granger causality(D). = P<<0.000 1 vs Control
group.
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SN E R LS5 E Y (t=1.46, P=0.16). FEJRMIZH SST %8 Y6FH 40 Y 25 BEAH N 1E 35 %)
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Fig. 5 Immunohistochemistry results of V1 area in control and diabetic mice
7E: A, F: Panoramic views of immunohistochemistry images of V1 in control (A) and diabetic (F)
groups »<20; B~E: Representative individual channel images from the partial region of V1 in
control mice x<100; G~J: Representative individual channel images from the partial region of V1

in diabetic mice x<100.

£ 2 FHMR VLX CaMKIY SST 4k KIL M e BANER(x + )
Tab.2 Quantitative analysis of CaMKII and SST immunohistochemistry and their

colocalization of V1 between two groups (X +s)



Variable Control (n=5) Diabetes (n=5) tvalue P value
CaMKII-positive area (um= 180 198.20486 789.10 142 601.48448 835.79 1.46 0.16
CaMKII mean fluorescence intensity 118.76438.91 125.55463.87 0.35 0.73
CaMKII Integrated optical density 66 792.48441 001.04 49 734.17430 201.26 1.30 0.21
SST-positive area (um=F 81 629.77462 727.35 43 222.96137 616.24 2.03 0.05
SST mean fluorescence intensity 57.38410.54 85.68435.30 2.98 0.01
SST Integrated optical density 57 742.82348 664.86 21 671.29418 540.35 2.68 0.01
Colocalization density of SST with 1225.794836.74 599.364385.53 2.63 0.02

CaMKII+ neurons (counts/mm=f
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