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SPATIAL DYNAMICS OF CUPRIZONE-INDUCED MYELIN 
LOSS AND RECOVERY IN THE MOUSE CORPUS  
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Abstract. Background: The corpus callosum (CC) is a principal site of white matter pathol-
ogy in multiple sclerosis and a common target for experimental demyelination–remyelination 

-
pletion, enabling controlled analysis of regional myelin dynamics. Materials and Methods: 

stained with Luxol Fast Blue (LFB) and the CC was subdivided into medial (CC-M) and lat-

Results: 
-

logically, LFB signal was greatly diminished with pallor, thinning of the myelin band and focal 
signal loss, changes that were more pronounced in CC-L than CC-M. Quantitatively, mean 

-

weeks of recovery, LFB intensity increased in both subregions but myelin bands remained 
thinner and more heterogeneous than in controls. Conclusions: 
elicited robust, spatially selective CC demyelination with greater lateral vulnerability; toxin 
withdrawal yielded substantial but structurally incomplete remyelination. These results em-

-
tion and debris clearance in therapeutic strategies.
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INTRODUCTION

Multiple sclerosis (MS) is characterized by the for-
mation of multifocal demyelinating lesions throughout 
the central nervous system (CNS), with the corpus 

-
fected white matter structures [1, 2]. Owing to its size, 
clear anatomical boundaries, and high vulnerability 
to myelin loss, the CC has become a principal target 
in experimental studies investigating mechanisms of 
white matter injury and repair [3]. One of the most 
widely used experimental approaches to model CC 
demyelination is dietary administration of cuprizone, 
a copper-chelating neurotoxin that induces robust 
and reproducible oligodendrocyte loss and demyelin-
ation in rodents [4].

Several experimental models are available for 
studying demyelination, including experimental 
autoimmune encephalomyelitis (EAE), Theiler’s 

-
phatidylcholine (LPC/lysolecithin), and cuprizone 
[4, 5]. Immune-mediated and viral models, such 

-
tory components that introduce biological variabil-
ity and complicate the analysis of CNS-intrinsic 
mechanisms of myelin damage and repair [6]. In 
contrast, toxin-based models, particularly the cupri-
zone model, induce demyelination primarily through 
metabolic and oxidative stress in oligodendrocytes 
and are largely independent of peripheral immune 
activation [7, 8]. Classically the cuprizone model is 
induced by cuprizone-enriched pallets in the mice 
chow [4, 5]. However, there are described variations 
of the model in the literature [9]. Acute cuprizone ex-

microglial and astrocytic activation and relatively 
limited axonal damage [5, 10], while exerting mini-

Prolonged administration leads to chronic demyelin-
ation and delayed remyelination, thereby enabling 
the study of both sustained injury and endogenous 
repair processes [5, 11]. Collectively, these proper-
ties render the cuprizone model particularly suitable 
for controlled investigations of CNS myelin dynam-
ics [5, 7, 11].

The aim of the present study was to evaluate mor-
phological changes in the mouse CC induced by cu-
prizone-mediated demyelination and during subse-

bregma +0.98 and +0.02, the CC was subdivided into 
medial and lateral subregions in order to visualize 

MATERIALS AND METHODS

Thirty male C57BL/6 mice (8 weeks old) were ob-
tained from the vivarium of the Faculty of Medicine, 

randomly allocated to three experimental groups (n 

chow for the duration of the study; (2) demyelination 

-
covery period on standard chow without cuprizone. 
Throughout the experiment mice were housed under 
controlled conditions (ambient temperature 22 ± 3 

hour dark cycle; all procedures were carried out dur-
ing the light phase.

Demyelination was induced using the established cu-
prizone protocol (Landzhov). Cuprizone (CAS 370-

-

withdrawn and animals in the remyelination group 

weeks to permit spontaneous remyelination. Control 

the whole experiment. All experimental procedures 
complied with Directive 2010/63/EU on the protec-

approved by the Bulgarian Food Safety Agency (Ap-
proval Protocol No. 416/19.12.2024).

For tissue collection, animals were anesthetized by 
intraperitoneal injection of thiopental sodium (30 mg/
kg; Sigma-Aldrich Chemie GmbH, Taufkirchen, Ger-

-

7.4; Merck Catalogue No. 1465920006). Brains (n 

through graded alcohols, cleared, and embedded in 

coronal sections (6 μm) spanning bregma +0.98 to 
+0.02, referenced to the atlas of Paxinos and Frank-

-

analysis.

Sections were mounted on gelatin-coated glass 

No. 1009835000). Myelin was visualized by incu-
-

for 2 hours at 58 °C. Excess stain was removed 
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counterstaining with cresyl violet (CAS 41830-80-2; 

sections were permanently mounted using Entellan 
(Merck Catalogue No. 1079600500). For each brain, 

All statistical analyses and graphical outputs were 
generated using GraphPad Prism (version 10.6.1) 

-
ences among experimental groups were evaluated 

comparisons were performed using Dunn’s post hoc 
-
-

dial (CC-M) and lateral (CC-L) regions for analysis, 
as illustrated in Figure 1. Each experimental group 
consisted of ten animals; from each group, 15 histo-
logical sections were analyzed, yielding a total of 150 

Fig. 1. Schematic coronal section of the mouse brain show-
ing the regions of the corpus callosum selected for histo-

blue) and lateral corpus callosum (CC-L, red) are highlight-

the mouse brain atlas of Paxinos and Franklin [12]

RESULTS

The LFB staining of coronal sections demonstrated 
clear, region- and group-dependent alterations in my-
elin within the CC (Fig. 2). Morphologically, control 
animals displayed dense, homogeneous LFB label-
ing in both the CC-M (Fig. 1A) and CC-L (Fig. 2B) 
subregions, consistent with compact, well-preserved 

-
istration, LFB signal was markedly reduced: demy-
elinated animals showed pallor and thinning of the 
myelin band with areas of near-complete signal loss 
and tissue rarefaction. These changes were evident 
in both subregions but were more pronounced in the 
CC-L (Fig. 2D), whereas the CC-M (Fig. 2C) exhib-
ited patchy depletion with residual, sparsely stained 

-
myelination), LFB intensity increased relative to the 

F), but the myelin band remained thinner and more 
heterogenous than in controls, indicating incomplete 
structural restoration.

the morphological observations. Across the whole 
CC, mean LFB intensity was highest in controls, de-

(lowest in the demyelination group), and increased 

-

Subregional analysis revealed the same overall pat-

CC-L and CC-M was observed only in the demyelin-
ation group: LFB intensity in CC-L was lower than 

-
elination groups the medial and lateral subregions 

-
lectively, these data indicate pronounced myelin loss 

-
tial, though incomplete, recovery of LFB-detectable 
myelin following treatment withdrawal.

DISCUSSION

-
tion with water induces a robust, regionally hetero-
geneous, and reversible demyelination of the CC in 
C57BL/6 mice. LFB staining revealed a marked re-

exposure, with greater depletion in the CC-L than 

intensity increased in both subregions to levels that 
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the myelin band remained thinner and more hetero-
geneous than in the untreated CC, indicating incom-
plete structural restoration. Thus, our results dem-
onstrate pronounced myelin loss during cuprizone 
exposure, regional susceptibility within the CC, and 

-
myelination after toxin withdrawal. The absence of a 

and recovery groups further supports the capacity 
of the adult brain to restore myelin content once the 
toxin has been removed.

Our results are consistent with previous studies de-
scribing cuprizone-induced demyelination as a dy-
namic and spatially heterogene ous process. Toomay 
et al. reported that cuprizone reduces myelin content 
in both rostral and caudal regions of the CC, although 

regions and were strongly dependent on the formula-
tion of the toxin [13]. The heightened vulnerability of 
the caudal CC described in their study corresponds 
well with our observation of pronounced demyelin-
ation followed by recovery, supporting the concept 
that regional susceptibility and exposure kinetics 
jointly determine the severity of myelin loss [13]. 

-
fective bioavailability and regional metabolic sensitiv-
ity, emphasizing the importance of strict experimental 
control when modeling demyelination [13].

Our data also align with the anatomical patterns de-
scribed by Hibbits et al., who showed that the CC and 

-

Fig. 2. Luxol Fast Blue (LFB)/Cresyl 
violet staining of coronal mouse brain 
sections highlighting myelin within 
the corpus callosum (CC). Panels are 
arranged by experimental condition 
and subregion: A–B, control; C–D, 
demyelination (DE); E–F, remyelin-

M) presented as box-and-whisker 
plots of average inverted pixel inten-
sity (higher values indicate greater 
myelin content); (H) corresponding 

with the median; whiskers denote 
minimum and maximum values. Sta-
tistical comparisons were made by 
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ation after prolonged cuprizone exposure, whereas 

regional selectivity supports the interpretation that 
cuprizone does not act as a generalized neurotoxin 

populations and microenvironments. The remyelin-
ation we observed in the CC after cuprizone with-
drawal mirrors the spontaneous repair described by 
Hibbits et al., highlighting the intrinsic regenerative 
capacity of this white matter tract [14]. Steelman et al. 
further demonstrated that cuprizone-induced demy-
elination is spatially polarized, with caudal structures, 
such as the splenium and dorsal hippocampal com-
missure, showing near-complete myelin loss, while 
more rostral regions are relatively spared [15]. Their 
observation of lipid debris accumulation and sub-

the reversible LFB changes observed in our study, 

degraded myelin. In addition, Schmidt et al. showed 

medio-lateral gradients, rather than occur uniformly 
across the CC [16]. This spatial heterogeneity implies 
that whole-structure measurements, such as those 
used here, integrate multiple subregional processes 

at the subregional level [16].

The validity of LFB as a marker of myelin content is 

studies. Tagge et al. demonstrated a strong relation-
ship between histological myelin loss and changes 

use of myelin-sensitive markers as reliable indicators 
of demyelination and remye lination [17]. Similarly, 

(PLP) changes evolve with distinct temporal and re-
gional patterns, reinforcing the concept that demye-
lination and repair follow anatomically and temporally 

Studies using Black Gold staining have shown strain-

repair capacity [19-21]. Genetic background is a criti-
cal determinant of susceptibility to cuprizone-induced 

sensitivity to cuprizone than CD1 (outbred white) 
mice, developing rapid and pronounced demyelin-
ation of the corpus callosum within approximately 
four weeks of treatment [19]. In contrast, CD1 mice 
display delayed and attenuated demyelination even 
after prolonged exposure, retain higher numbers of 
mature oligodendrocytes, and show weaker activa-

tion of glial and progenitor cell populations, indicating 
relative resistance to cuprizone toxicity [19]. Conse-

preferred strain for cuprizone-based studies because 
they provide faster, stronger, and more reproduc-
ible demyelination, thereby enhancing experimental 
sensitivity and reproducibility [19]. Although strain ef-
fects were not directly examined in the present study, 

-
periments and highlight the importance of biological 
context when interpreting cuprizone models.

Finally, Wergeland et al. demonstrated that CC de-
myelination occurs rapidly, stabilizes, and is followed 
by remyelination after cuprizone withdrawal, whereas 
cortical regions may exhibit incomplete recovery [22]. 

of reversible CC demyelination and supports the view 
that the CC is both highly vulnerable to injury and 
highly capable of repair [22].

LIMITATIONS

While LFB staining provides a sensitive and well-
established histochemical measure of myelin con-
tent, it has important limitations. LFB intensity re-

ultrastructural features, such as myelin thickness, 
internodal length, nodal organization, or axonal in-

after cuprizone withdrawal should not be interpreted 
as proof of complete structural or functional recovery. 
To determine whether remyelination restores normal 
myelin architecture and conduction, complementary 

g-ratio and internodal structure, immunohistochemis-
try for axonal and nodal markers, and electrophysi-
ological measurements to test conduction velocity. 
Moreover, biochemical or imaging measures that 
distinguish newly formed versus residual/compacted 

-
ity of repair.

CONCLUSION

-
duced pronounced and regionally heterogenous de-
myelination of the mouse corpus callosum, with the 
lateral subregion showing greater vulnerability than 
the medial portion, as demonstrated by both morpho-

-
-

-
ent from controls, indicating a strong intrinsic capac-
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ity for remyelination. However, the persistently thinner 
and more heterogenous myelin bands observed after 
recovery show that this repair was structurally incom-
plete despite normalization of mean staining intensity. 

of the corpus callosum to toxin-induced demyelination 
and its ability to undergo substantial spontaneous 
remyelination, while emphasizing the importance of 
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