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Abstract: To reveal the dynamics of the development of morphological changes in lateral geniculate 

nucleus caused by binocular vision impairment we study the changes in density of of SMI-32 im-

munopositive neurons in frontal sections of LGNd of both hemispheres of 2- and 3- month kittens 

reared with monocular deprivation or unilateral convergent squint. We had developed the custom 

software to divide the binocular part of A-layers into 10 consecutive sectors and to calculate the 

number of SMI-32 immunopositive neurons in each of them. The neuronal density was calculated 

and compared between groups in sectors with the same eccentricity. In monocularly deprived ani-

mals, decline of the neuronal density relative to the control group was found in layers, innervated 

from the deprived eye in both age groups, regardless of eccentricity. However in strabismic kittens 

the decrease in neuronal density was revealed only in the peripheral sectors of layer A1, driven by 

deviated eye. The width of this area of reduced Y-neuron density was larger in 3 months kittens, 

indicating that the development of the disorder has not yet stabilized. The results may be inter-

preted as morpho-physiological correlates of different types of human amblyopia. 
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1. Introduction 

The non-phosphorylated heavy neurofilament proteins, which can be labelled by 

SMI-32 antibodies, are characteristic for large, fast-conducting neurons with high-myelin-

ated axones [1-3]. In the visual system, such properties are typical for Y-neurons – a pop-

ulation, devoted to motion analysis [4-6]. Early physiological experiments have shown 

that the number of Y-neurons and their functional properties can be changed by alteration 

of the visual experience, as monocular deprivation or squint [7-9]. The loss of SMI-32 pos-

itive neurons in A-layers of in lateral geniculate nucleus (LGNd), connected with a de-

prived/squinting eye, confirmed the morphological base of these changes [10-13]. How-

ever, whether this loss depends on eccentricity of the visual field projection is still not 

known. To study this, as well as the time course of the developmental changes, we have 

evaluated the density of SMI-32 immunopositive neurons in LGNd on experimental mod-

els of monocular deprivation and unilateral convergent squint. Density measurements 

were carried out on kittens of 60 days - the age of onset of binocular vision [14-15], and 90 

days, when the critical period for visual capacities ends [16] and the ratio of excitatory 

and inhibitory synapses in the LGN already corresponds to the level of adults [17].  
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2. Materials and Methods  

The experimental procedures were approved by the Ethics Commission of the Pavlov 

Institute of Physiology, St. Petersburg, Russia (Protocol #30/03/2014), and performed in 

accordance with the requirements of European Community Council Directive 

(2010/63EU) on the protection of animals used in experimental and other scientific pur-

poses. 

The study was carried out on kittens which underwent a surgery at postnatal day 7-

10 (before the natural eye opening). The kittens of MD groups were monocularly deprived 

by eyelid sutures. In the kittens of Strab groups the lateral rectus muscle and the upper 

and lower lateral leaflets of the eye retractor were removed to receive unilateral conver-

gent squint. Then they were grown up until 60 or 90 days. Intact kittens of the same age 

groups were used as controls. The number of animals in each group is presented in Table 

1. 

Table 1. The number of animals in experimental groups. 

Group name Age, days Number of animals 

Norm-60 60 4 

Norm-90 90 4 

MD-60 60 4 

MD-90 90 2 

Strab-60 60 4 

Strab-90 90 3 

At the end of this period the animals were deeply anesthetized (Zoletil, 20 mg/kg and 

xylazine, 2 mg/kg, intramuscularly) and transcardially perfused with 4% paraformalde-

hyde. The frozen 50 μm thick frontal sections of LGNd of both hemispheres were prepared 

and ones corresponding to AP 5.5-7.0 according to Horsley-Clark coordinates were then 

selected for histological processing and analysis. The SMI-32 primary antibodies were 

used to detect the heavy neurofilament protein with DAB-Ni as a chromogen.  

After the images of LGNd sections were acquired, the upper and lower boundaries 

of layers A and A1 and the location of SMI-32 immunopositive neurons within these 

boundaries were marked manually (Fig 1A). To reveal changes in the density of immuno-

positive neurons in layers A along the projection of visual horizontal meridian, these lay-

ers were divided into 10 consecutive sectors (Fig 1B). This was done using custom soft-

ware which allowed to divide the curves of upper boundary of layer A and the lower 

boundary of layer A1 into segments of equal length. 

 

Figure 1. The method for image of LGN section. A – drawing of the layers A and A1 borders and 

marking the positions of SMI-32 immunopositive neurons. B – dividing the LGN layers onto 10 

sectors. 
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LGNd layers A and A1 are innervated from different eyes (contralateral and ipsilat-

eral, correspondingly). The differences between these layers in the density of immuno-

positive neurons (the number of neurons per mm2) were calculated in kittens of all groups  

in all consecutive LGNd sectors using  the formula of Michelson contrast: 

D(i)=(NA(i)-NA1(i))/(NA(i)+NA1(i)), (1) 

where NA - the density of neurons in layer A, NA1 - the density of neurons in layer 

A1, i = 1..10 - the sector number.  

To assess the strength of the deprivation effect in hemispheres contralateral and ip-

silateral to the deprived eye we compared D-values between normal and MD group as  

Diff(i)MD = |D(i)MD-D(i)norm| (2) 

where i = 1..10 - the sector number.  

The significance of differences between groups of parameter values was determined 

at the p <0.01 level using the method of hierarchical linear models [18]. The significance 

of differences in distributions was determined at the level of p <0.01 using the Kolmogo-

rov-Smirnov test. Statistical data processing was carried out in the Matlab R2016b com-

puting platform (Matworks Inc., USA). All data are presented as mean ± standard devia-

tion. 

3. Results and discussion 

In intact animals of both age groups (Norm-60, Norm-90) the normalized density of 

SMI-32 immunopositive neurons in the layer A1 exceeded that in the A layer in all sectors 

of the right and left hemispheres. Therefore, the relative differences in density (D) between 

layers A and A1, on average, had negative values. The distributions of mean D values did 

not differ across sectors for the left and right hemispheres (Kolmogorov-Smirnov test, p> 

0.01); thus, data from the right and left hemispheres of all animals of the same age has 

been combined and used for comparisons with other groups. 

The results of comparison of the D values for all groups are presented in Fig .2 

In the MD-60 group, the D values significantly differed from the D values in the 

Norm-60 group, in all 10 sectors in both hemispheres (p <0.01). In the MD-90 group, D 

values did not differ from the MD-60 group (p> 0.01). Note, that D values were positive 

in the hemisphere ipsilateral to the deprived eye, and negative in the hemisphere contra-

lateral deprived eye. This indicates a decrease in the density of SMI-32 immunopositive 

neurons in the layers innervated from the deprived eye, in both hemispheres (in layer A 

of the hemisphere, contralateral to the deprived eye and layer A1 of the hemisphere ipsi-

lateral to the deprived eye). 

The strength of the deprivation effect in the hemispheres was different in the kittens 

of MD-60 and MD-90 groups. At the age 60 (MD-60) the strength of the deprivation effect, 

DiffMD, was higher in the LGN ipsilateral to deprived eye, where nasal hemifield of de-

prived eye is presented in the A1 layer. Hemispheric differences in this group of animals 

were found in 7/10 LGN sectors (namely, 2, 4, 5, 7-10). However, at the age 90 (MD-90) 

such difference was revealed in only one sector (number 2). It means the increase of dep-

rivation effect in the LGN contralateral to deprived eye, where temporal hemifield of de-

prived eye is presented in the A layer. These data also indicates a delay of deprivation 

effect development in the temporal visual hemifield in relation to the nasal hemifield. This 

phenomenon was described earlier for cortical and geniculate neurons [8,19] and probably 

connected with later development of ipsilateral projection pathways compared to contra-

lateral ones [20,21]. 

In kittens with unilateral squint, D values did not differ from the normal D values in 

both age groups and in all sectors in the hemisphere, contralateral to the deviated eye. But 

in the hemisphere ipsilateral to the deviated eye, the D values were reduced in the periph-

eral part of the visual field projection. Moreover, such a statistically significant decrease 
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relative to the Norm-60 group was observed in sectors 8-10 in the Strab-60 group and in 

sectors 4-10 in the Strab-90 group. Hence this decrease of cell density that can be physio-

logical correlates of strabismic amblyopia takes place in the area that receives inputs from 

the temporal retina and represents projection of the nasal visual hemifield. This effect de-

velops from periphery to center and may display not only the difference between the de-

velopmental time courses of ipsilateral and contralateral visual pathways [20,21] and later 

maturation of visual periphery [22], but also narrowing of the visual field of the deviated 

eye due to partial deprivation of temporal retina hidden behind the bridge of the nose, 

supposed by Ikeda [23].  

Received results may be interpreted as morpho-physiological correlates of different 

types of human amblyopia. 

 

Figure 2. D values in kitten groups 60 and 90 days.* - Significance level with respect to Norm 

groups. # - Significance level with respect to other hemisphere. 
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