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RT (ang. retinal thcknesess) -  

S1 (ang. primary somatosensory cortex) -  

SC (ang. superior colliculus) -  

SNR (ang. signal to noise ratio) -  

SPECT (ang. single-photon emission computed tomography) - tomografia emisy  

svMRS (ang. single-voxel MR spectroscopy)  protonowa spektroskopia rezonansu magnetycznego 
                pojedynczego woksela  

T1-w (ang.T1-weighted image) - obrazowanie T2-  

T1 (ang."spin-lattice" relaxation time)  czas relaksacji zwany T1 

T2 (ang. )  czas relaksacji poprzecznej zwany T2 

T2-w (ang. T2-weighted image) - obrazowanie T2-  

TA (ang. acquisition time) - czas akwizycji, czas gromadzenia danych 

Tau (ang. taurine) - tauryna 

tCho (ang. glycerylphosphorylcholine +phosphocholine) - glicerylofosfocholina + fosfocholina  

tCr (ang. creatine + phosphocreatine) -  

TE (ang. echo time)  czas echa 

Teff (ang. effective time ) - efektywny czas echa  

TPM (ang. tissue probability maps) -  

TR (ang. repetition time)  czas repetycji 

Tu (ang. olfactory tubercle) -  

TurboRARE (ang. Rapid Acquisition with Refocused Echoes)  sekwencja szybkiego echa spinowego 

USG (ang. ultrasonography) - technikach ultrasonograficznych  

V1 (ang. primary visual cortex)   

V2M (ang. secondary visual cortex middle) -  

V2L (ang. secondary visual cortex lateral) -  

VC (ang. visual cortex) - kora wzrokowa 

VCD (ang. vitreous chamber depth) -  

vLGN (ang. ventral geniculate lateral nucleus) -  

VOI (ang. volume of interest) -  

WI (ang. Wistar Rat)  szczur stada Wistar 

WWCPS (ang. Wild Warsaw Captive Pisula-Stryjek) -  
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STRESZCZENIE 
 

 

 podstawowych i przedklinicznych 

 W badaniach tych 

.  

charakterystyka zmian anatomopatologicznych w drogach wzrokowych. W wyniku retinopatii 

dochodzi do zmni    prowadzi do 

zmian degeneracyjnych w dalszych odcinkach d  jest 

doskonalenie met ledzenia tych zmian. 

drogi wzrokowej gryzoni wykorzystany skaner 

MRI/MRS z magnesem o indukcji pola 7T i wybrane metody rezonansu magnetycznego (MR). 

U  to uzyskanie  ontrastach tkankowych 

  

   

wolumetrycznych, funkcjonalnych i profili metabolicznych struktur drogi wzrokowej pomi

 r   

  W pie no obrazowanie anatomiczne (MRI) i spekt

 (H-MRS) u trzech 

Wistar (WI),  wykorzystywany w badaniach biomedycznych; brak ochronnego dz

 prowadzi  Modelami kontrolnymi 

ury pigmentowane, laboratoryjny szczur Brown Norway (BN)  laboratoryjny model 

dzikiego szczura Warsaw Wild Captive Pisula-Stryjek (WWCPS). W badaniach wolumetrycznych 

wykorzystano cyfrowy  i zowanie 

wolumetrii struktur. U WI   kory wzrokowej oraz 

nnymi 

cesie udomowienia 

szczura. ych 

 

M  y myszy szczepu 

DBA/2J  do rozwoju 

jaskry. 

h jaskry. 

Podobnie jak 

 BA/J2. Natomiast zastosowanie obrazowania wzmocnionego 
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struktur drogi wzrokowej  

u myszy in vivo

aksonalnego manganu. Z kolei wyniki morfometrii ,  

struktur  wykorzystana jako marker rozwoju 

jaskry u myszy DBA/2J. 

B  

w poziomach nie io-inozytol, cholina, glutaminian i tauryna) 

;  

 

procesach. 

ska  drogi wzrokowej u gryzoni 

laboratoryjnych. Ponadto  strukturalne, funkcjonalne i metaboliczne zmiany  

 , lepszego zrozumienia, jaki 

w   
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ABSTRACT 

Due to global ageing of the population, the number of people affected by visual impairment 

is constantly growing. In parallel the number of basic and preclinical studies on the structure and 

function of the visual system is increasing. Laboratory rodents are most commonly used in these 

studies. Due to the prevalence of age-dependent diseases associated with retinopathies, an accurate 

description of the anatomopathological changes in the visual pathways is warranted. Retinopathy 

results in a reduction in the number of optic nerve impulses reaching the brain, which leads to 

degenerative changes in other areas of the visual pathway. As such studies are required which will 

improve methods of detecting and tracking these changes. 

In this thesis, the visual pathway of rodents was investigated using a 7T MRI/MRS scanner 

and selected magnetic resonance methods (MR). This allowed us to obtain high-resolution and high-

contrast images, to identify potential differences between anatomical structures that are usually 

difficult to capture with other imaging techniques. The specific aim of this work was to characterise 

changes in the structures of the visual pathway in animals with spontaneous retinopathies and control 

animals using volumetric data, functional data, and metabolic profiles. 

In the first stage of this work, magnetic resonance imaging (MRI) and proton spectroscopy 

(H-MRS) were performed on three groups of rats. Albino Wistar rats (WI) were used to model of 

retinopathy. They are widely used in biomedical research to investigate retinopathy due to the 

absence of protective pigment in the eye which leads to progressive retinal degeneration. Controls 

were Brown Norway rats (BN), and a laboratory model of a wild rat strain Warsaw Wild Captive 

Pisula-Stryjek rat (WWCPS). In the volumetric analyses, a digital rat brain atlas and software were 

used to allow automatic measurement of the volumetry of structures. WI rats had a reduced relative 

volume of their visual cortex and a compensatory increased volume of brain areas associated with 

other sensory processing. In addition, we examined potential neurological changes arising from the 

domestication process. It appeared that domestication of rats was associated with a reduced volume 

of structures associated with sensory processing.  

We also examined DBA/2J mice, a model of hereditary, age-dependent retinal degeneration. 

This strain carries a mutation that causes the release of pigment from the iris, leading to the 

development of glaucoma. C57Bl/6J mice were used as controls. The non-invasiveness of the 

resonance methods allowed monitoring of the development of pathological changes at different 

stages of glaucoma. As in albino WI rats, volumetric analyses revealed a smaller relative volume of 

the visual cortex in DBA/J2 mice. The use of manganese-enhanced magnetic resonance imaging 

(MEMRI) enabled the functional assessment of visual pathway structures in mice in vivo. Older 

DBA/2J mice presented lower active axonal transport of manganese in the visual tract. Additionally, 

ocular morphometry results indicate that the changes in ocular dimensions could be a useful marker 
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of glaucoma in DBA/2J mice. Studies using the localised spectroscopy method on the visual cortex 

revealed differences in the levels of certain metabolites (myo-inositol, choline, glutamate and 

taurine) in the brains of animals with visual impairment. This may be associated with the 

degenerative and reorganisational changes in the visual cortex, and indicate a possible role for glia 

in these processes. 

In conclusion, multiparametric magnetic resonance techniques using a 7T MRI/MRS scanner 

enabled comprehensive morphological, functional, and metabolic assessment of the visual pathway 

in laboratory rodents in vivo. Moreover, these findings indicate common neuroanatomical changes 

associated with retinal degeneration which help understand how changes in the vision affect central 

processing in the brain, and possible secondary compensatory effects. 

 


