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Abstract. Impairment in cognition and motor activity are 
commonly encountered in patients affected by multiple 
sclerosis (MS), and depression is believed to be a contributing 
factor. The aim of the present study was to investigate the 
impact of induced depression on a cuprizone mouse model of 
demyelination and the effectiveness of enhanced environment 
(EE) as a method of intervention. C57BL/6 male mice were 
divided into five groups: Cuprizone only (Cup‑O), cuprizone 
undergoing depression (Cup-Dep), cuprizone housed in EE 
(Cup-EE), cuprizone housed in EE and undergoing depression 
(Cup-ED) and the control (n=9-10 per group). Depression was 
induced by repeated open-space forced swim. Neurobehavioral 
tests were conducted following a 6-week period of 0.2% 
cuprizone-enriched diet. The Cup-EE group performed 
significantly better in terms of cognition and motor functions, 
when compared with the Cup‑O group, as evidenced by the 
Morris water maze (MWM; P<0.001) and rotarod performance 
test (P<0.05) results. Conversely, the Cup-Dep group exhibited 
a significant decline in performance in the MWM (P<0.001) 
and rotarod performance test (P<0.05), when compared 
with the Cup‑O group. The Cup‑ED group had comparable 
results to those of the Cup‑O group, indicating a reversal of 
the induced depression effects. Open field test results failed to 
show an anxiety-like behavior in the cuprizone mouse model. 
It was therefore concluded that EE can improve MS-associated 
cognitive and motor deficits. Insights gained from these results 
facilitate the exploration of non-medical modes of intervention 
as an emerging adjuvant therapy in MS.

Introduction

Multiple sclerosis (MS) is a disease of the central nervous 
system (CNS) characterized by multifocal demyelination along 
with astrocyte gliosis. These processes affect several struc-
tures in the CNS, resulting in severe neurological deficits (1). It 
has been reported that 43-70% of patients with MS experience 
cognitive deficits (2). Cognitive impairment in patients with 
MS is variable depending on the disease stage and type of 
clinical course (3). MS-associated cognitive impairment is has 
a negative effect on the quality of life of patients (4), and makes 
them less likely to be employed or actively engaged in daily 
activities (5). Although the causes of cognitive impairment 
in patients MS are currently unclear, depression is believed 
to be a contributing factor (6-8). Depression often burdens 
people with MS-related cognitive dysfunction (8), and lifetime 
prevalence of major depression in MS patients is as high as 
50% (9). Amelioration of depression has been suggested as 
a mean to improve cognitive functioning in MS. Factors that 
can contribute to the reduction of depression include social, 
physical and cognitive stimulation. The effect of these factors 
is mimicked in laboratory animals housed in an enhanced 
environment (EE), which has been shown to improve brain 
development and memory in both normal and pathological 
conditions (10,11).

The expression of brain-derived neurotrophic factor and 
tyrosine kinase receptor B, key neuronal differentiation and 
survival factors, is increased with exposure to EE (12). A host 
of studies have strengthened the notion that EE is beneficial to 
a variety of neurodegenerative diseases by protecting against 
cognitive impairment and improving cognitive performance in 
Alzheimer's and Huntington's mouse models, respectively (13). 
Upon studying the effect of EE on experimental autoimmune 
encephalomyelitis in rodents, a model of MS, results favored 
functional recovery (14). However, there is insufficient data to 
draw a conclusion regarding the effect of EE on MS mouse 
models.

The cuprizone-induced demyelination model has attracted 
increasing interest during the last decade as a method of 
inducing MS (15). Indeed, cuprizone-induced demyelination 
in distinct brain regions, including the corpus callosum, is 
the most frequently investigated white matter tract in animal 
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models (15,16). The addition of 0.2% cuprizone (bis-cyclohex-
anone oxaldihydrazone), a copper chelating agent, to the diet 
of male C57BL/6 strain mice induces spatially and temporally 
well‑defined histopathological alterations in the CNS (17). 
Furthermore, cuprizone-fed animals in the cuprizone model 
experience oligodendrocyte death and steady demyelin-
ation (18). This demyelination effect was evident 5-6 weeks 
after cuprizone induction (18,19), whereas remyelination 
occurred two weeks after the discontinuation of cuprizone. In 
addition, cuprizone-induced toxicity has been widely used to 
identify treatments for demyelinating diseases (15,20-22).

The present study investigated the impact of induced 
depression on a cuprizone mouse model of demyelination and 
the effectiveness of EE as a method of intervention.

Materials and methods

Animals. Male C57BL/6 strain mice were bred in the animal 
lab of Arabian Gulf University. All animal protocols have been 
approved by the Ethical Committee for Animal Experiments 
of Arabian Gulf University.

Housing conditions. Three-week-old mice were housed 
in either standard housing or EE conditions for a period of 
9 weeks. Standard cages (33x15x13 cm), containing 2-3 mice 
per cage, were cleaned twice a week. All mice were main-
tained on a 12-h light/dark cycle and fed ad libitum. All tests 
were performed during the dark cycle.

Experimental design
Experimental group. Mice were subdivided into five groups, 
based on the intervention received. A total of 46 mice, dived 
into 5 groups, were tested: i) Cuprizone mouse model with no 
intervention (Cup‑O; n=9); ii) cuprizone mouse model under-
going induced depression (Cup-Dep; n=9); iii) cuprizone mouse 
model housed in an EE (Cup-EE; n=10); iv) cuprizone mouse 
model housed in an EE and undergoing induced depression 
(Cup-ED; n=9), and v) a control group, (n=9), which was neither 
injected with cuprizone nor subjected to depression induction.

Cuprizone model of demyelination. Demyelination was 
induced by continuously feeding six-week-old C57BL/6 male 
mice a 0.2% cuprizone-enriched diet purchased from Specialty 
Feeds (Western Australia, Australia). After a six-week period 
of cuprizone diet, all groups were tested. As the drug is 
temperature sensitive, the food containing the cuprizone was 
kept at 4˚C and was replenished every other day. The presence 
of demyelination in the hippocampus of cuprizone-treated 
mice was evaluated using Luxol Fast Blue (LFB) staining of 
formalin‑fixed sections as previously described (23,24).

EE. Three-week-old mice were housed in an EE, in groups of 
5-7 per cage, achieving social stimulation. The EE consisted of 
two-story cages (40x26x38 cm), colorful walls, and equipped 
with a climbing slide and an exercise wheel. The EE method 
in this study design was based on a previous report by our 
group (25).

Induced depression. There has not been enough evidence 
to prove the development of depression (major behavioral 

defects) in the cuprizone mouse model; therefore, a repeated 
open-space forced swim test was used to induce chronic 
depression-like state in mice to mimic the comorbid depres-
sion seen in MS patients. The forced swim test is the most 
commonly used test for the study of depressive-like behavior 
in rodents (26). It is also considered as a preclinical test to the 
screening of antidepressant activity in rats and mice (27-29). 
Mice were made to swim in lukewarm water (32±2˚C) in an 
inescapable plastic container (43x24x23 cm) for 15 min daily 
for 4 consecutive days. The container was filled to a depth of 
13 cm water; mice were not able to touch the bottom with their 
feet or tails. This procedure resembles an inescapable stressor 
producing an alternation in neural activity and brain cell 
proliferation that is characteristic of depression. The protocol 
was initiated 6 days prior to the testing period, as the effect of 
depression lasts for 3 weeks (30).

Tests. All tests were conducted, scored and analyzed blindly. 
Morris water maze (MWM) and open field test (OFT) trials 
were videotaped. Each group was scored by all experimenters 
to avoid bias.

MWM. Spatial learning and memory were tested over a 
period of 6 days by the MWM (31). The main component 
of the MWM set up is a circular pool (140x60 cm, diam-
eter x height) filled to a depth of 30 cm water (28±1˚C). A 
submerged platform (transparent, round and 8 cm in diam-
eter) was placed in a fixed location, 1 cm below water level. 
Various visible cues were added on the pool's internal walls 
aiding spatial discrimination. Each mouse was placed in the 
pool facing one of 5 starting positions (north, south, east, 
west and southeast), and allowed to swim until it located 
and climbed onto the submerged platform. Any mouse that 
failed to locate the platform within 120 sec was placed on 
the platform by the experimenter. All mice were allowed to 
stay on the platform for 30 sec. The mouse was tracked via 
a video computer system (Noldus Information Technology, 
Wageningen, Netherlands). Latency and distance travelled to 
reach the platform, in addition to swimming velocity, were 
analyzed using the ANY-maze software on 5 consecutive 
days. Probe trials were conducted on day 6, where the plat-
form was removed and time spent in the target quadrant was 
measured.

Rotarod performance test. Rotarod performance test is used to 
assess motor function, coordination and balance and consists 
of a rotating drum with a grooved surface for gripping (32). 
Mice underwent three, 2-min pre-testing trials at a speed of 
4 m/min. Each mouse had three trials, where one constant 
speed (4.5 m/min) was employed. Latency to fall was recorded.

OFT. The exploration of a novel environment and general 
locomotor activity were evaluated by the OFT. The open field 
is a square arena (44x44 cm) surrounded by 32 cm high walls. 
The floor of the arena was divided into 16 even squares. The 
test apparatus was placed in a dark room and the central four 
squares were illuminated. Each mouse was tested for three, 
10-min trials. Following each trial, the arena was cleaned with 
70% ethanol. Distance travelled and time spent in the central 
zone were recorded.
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Statistical analysis. All data were presented as the 
mean ± standard error of mean. T-test was used to establish the 
validity of the results when comparing groups for the rotarod 
performance test. In tests with multiple trials, like the MWM 
and OFT, a two‑way repeated Analysis of Variance (ANOVA) 
with Tukey's post hoc test, was used to calculate the P-value. 
Statistical analysis was performed using Microsoft Excel 
(version 2007). P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Cuprizone-induced demyelination. Demyelination was 
induced by continuously feeding six-week-old C57BL/6 male 
mice a 0.2% cuprizone-enriched diet. The presence of demy-
elination was observed in the hippocampus of treated mice 
based on LFB staining (Fig. 1A and B).

Body weight. The weight of the animals was measured in the 
beginning of the experiment and 1 week later, to determine 
the cuprizone effect. The results of the effect of cuprizone 
administration on the body weight of animals are displayed 
in Table I. Cuprizone-fed animals exhibited a significant 
reduction in body weight, when comparing their initial 
body weight (Cup, 22.2±0.32; Cup-Dep, 22.1±0.2; Cup-EE, 
22±0.24; Cup-ED, 22.3±0.17) to the weight following a week 
of cuprizone treatment (Cup 20.9±0.26, ANOVA, F=11.320 
and P=0.0039; Cup‑Dep 21.1±0.2, ANOVA, F=12.462 
and P=0.0023; Cup‑EE 21.1±0.31, ANOVA, F=5.224 and 
P=0.0362; Cup‑ED 21.3±0.17, ANOVA, F=18 and P=0.00062). 
The control animals exhibited a significant increase in weight 
(from 22.3±0.23 vs. 23.03±0.21; ANOVA, F=5.8255 and 
P=0.02815).

MWM
Latency and distance travelled to reach the platform. Upon 
measuring the latency to reach the platform on day 5, signifi-
cant results were obtained. All cuprizone groups had worse 
results than the control group. Cup‑EE did significantly better 
than Cup‑O (42.0±8.2 vs. 67.7±7.8 sec, respectively; ANOVA, 
F=43.788 and P<0.0001). Cup‑Dep did significantly worse 
than Cup‑O (113.9±3.5 vs. 67.7±7.8 sec; ANOVA, F=29.517 
and P<0.001) and Cup‑ED (66.5±7 sec; ANOVA, F=31.916 
and P<0.0001), with the latter two groups having comparable 
results (ANOVA, F=0.0121 and P=0.9128; Fig. 2A). Similar 
results were obtained with regards to distance travelled to 
reach the platform on day 5 (Fig. 2B).

Swimming velocity. All cuprizone groups exhibited a slower 
swimming velocity than the control group on days 1-4; which 
was also reflected on the latency results. The swimming 
velocity of cuprizone groups varied during the testing period 
with no identifiable pattern (Fig. 2C). Similar swimming 
velocities indicate that the results were not influenced by 
differences in muscle power among the mice of the cuprizone 
groups. No significant differences in swimming velocity were 
observed between the groups (P>0.05).

Percentage of time spent in the target quadrant. Apart 
from the control group, which spent 42.9±3% of the time 

in the target quadrant, none of the other groups exhibited 
a learning behavior, since they spent <25% of the time in 
the target quadrant. However, a variation was noted among 
cuprizone groups. Cup-EE (19.2±2.3%) had significantly 
better results than Cup‑Dep (11.1±2.5%; ANOVA, F=5.8964 
and P=0.01721) and Cup‑O (12.3±3.1; ANOVA, F=5.1110 and 
P=0.026), whereas no significant difference was observed 
between Cup‑O and Cup‑ED (13.3±2.9; ANOVA, F=0.0596, 
and P=0.8076; Fig. 2D).

Rotarod performance test
Latency to fall. At the speed of 4.5 m/min, no significant 
difference was observed between the control (70.1±10.6 sec) 
and Cup‑EE (80.1±15.7 sec; ANOVA, F=0.2799 and P=0.599). 
A variation was noted among cuprizone groups; Cup-EE mice 
spent significantly more time on the rotating rod than Cup‑O 
mice (80.1±15.7 vs. 32.2±8.7, respectively; ANOVA, F=7.1026 
and P=0.0102). The results of the Cup‑Dep group were signifi-
cantly worse than those of Cup‑O (13.3±1.8 vs. 32.2±8.7; 
ANOVA, F=4.594 and P=0.0368), indicating declined motor 
functioning. No significant difference was observed between 
the Cup‑ED and Cup‑O groups (31.0±6.1 vs. 32.2±8.7; 
ANOVA, F=0.0133 and P=0.909; Fig. 3).

Figure 1. Hippocampal demyelination in cuprizone-treated mice. Mice 
were treated with cuprizone-enriched diet. Cross-sections (5 µm thick) 
from hippocampus were stained for myelin with LFB. (A) Hippocampal 
demyelination (magnification, x400). (B) Hippocampal demyelination 
(magnification, x100).
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Open field
Time spent in the central zone. OFT results showed no 
anxiety-like behavior in any of the groups, as they spent a 
comparable amount of time in the central zone. No significant 
difference was observed between the control and cuprizone 
groups (P>0.05; Fig. 4).

Discussion

MS is a neurological chronic inflammatory disorder of the 
CNS characterized by multifocal demyelination along with 
astrocyte gliosis (1). Impaired cognition and motor activity are 
commonly encountered in MS patients (3) and depression is 

Table I. The effect of cuprizone administration on the body weight of animals.

 Weight (gm) at the Weight (gm) after one
Group start of experiment week of cuprizone P-value

Control (no cuprizone injection) 22.3±0.23 23.03±0.21 >0.05
Cup 22.2±0.32 20.9±0.26 0.0039
Cup-Dep 22.1±0.2 21.1±0.2 0.0027
Cup-EE 22±0.24 21.1±0.31 0.0362
Cup-ED 22.3±0.17 21.3±0.17 0.0006

Data are presented as mean ± standard error of mean (SEM). Cup, cuprizone; Cup-Dep, cuprizone underwent depression; Cup-EE, cuprizone 
housed in EE; Cup-ED, cuprizone housed in EE and underwent depression.

Figure 2. MWM. The cuprizone mouse model showed different levels of cognitive deficits based on the method of intervention. (A) Latency (sec) to reach the 
platform. (B) distance (dm) travelled to reach the platform throughout testing period (days). On day 5, cuprizone groups performed significantly worse than 
the control, as they had increased latencies and travelled a longer distance to reach the platform. Cup-EE performed better than the other cuprizone groups on 
day 5 (P<0.0001). Cup-Dep had the highest latency throughout the testing period and travelled the longest distance on days 2-5 (P<0.001). Cup-ED exhibited 
similar latencies and distance travelled to Cup‑O (P>0.05). (C) Swimming velocity (m/sec) during testing period (days). The control group was relatively faster 
than the cuprizone group on days 1‑4. Swimming velocity in the cuprizone groups varied during the testing period. No significant differences were observed 
among the groups (P>0.05). (D) Bar graph depicting the percentage of time spent in the target quadrant during the probe trial. None of the cuprizone groups 
exhibited a learning behavior, as they spent <25% of the time in the target quadrant. Cup‑EE spent significantly more time in the target quadrant than Cup‑Dep 
and Cup‑O (*P<0.05), indicating better performance. The results of Cup‑ED were comparable to those of Cup‑O (P>0.05). MWM, Morris water maze.
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believed to be a contributing factor (6-9). Cuprizone-induced 
demyelination is considered a well-established model of MS 
in animals (15,16), which leads to oligodendrocyte apoptosis 
and steady demyelination and histopathological alterations in 
the CNS (17,18). Cuprizone-induced toxicity has been widely 
used to identify treatments for demyelinating diseases (20-22).

The current study investigated the impact of induced 
depression on a cuprizone mouse model of demyelination and 
the effectiveness of EE as a method of intervention. C57BL/6 
male mice were divided into five groups: Cup‑O, Cup‑Dep, 
Cup-EE, Cup-ED and the control group. In the present study, we 
first confirmed the presence of demyelination in our cuprizone‑
treated mice using LFB staining, a commonly used method to 
observe myelin under the light to detect demyelination in the 
CNS (23,24). Following a week of cuprizone treatment, our 
results showed a significant reduction in the body weight of 
the animals, indicating the effectiveness of cuprizone on these 
animals (33). The impact of induced depression was studied in 
terms of cognitive and motor function. We tested the spatial 
learning and memory in MWM as well as motor learning and 

coordination by rotarod test. In the cuprizone model, induced 
depression further worsened cognition, when compared to the 
non-intervention group, as demonstrated by the results of the 
MWM. Of note, further experiments can be conducted on trans-
genic and knockout mice to ensure that abnormal responses, 
particularly in learning and memory tasks, are indeed due to 
cognitive motor impairment. Moreover, experiments using 
nutritional interventions such as anti-oxidants-rich food in the 
diet of animals could be conducted to slow the progression of 
cognitive decline.

Depression has been studied as an independent factor 
influencing cognition and general outcome in MS patients. 
A study conducted on MS patients with various degrees of 
depression revealed greater neuropsychological dysfunction, 
as compared to non-depressed MS patients (34). Moreover, 
psychotherapy has been suggested as a method of decreasing 
cognitive impairments in MS patients (35).

As established by the results of the rotarod performance 
test in the present study, induced-depression appeared to cause 
a significant decline in the motor performance of animals, 
when compared to those undergoing no intervention.

Animals exposed to an EE exhibited enhanced stimulation 
in their sensory, motor and cognitive systems, when compared 
to those under normal housing conditions (36). The compo-
nents of EE have been proven to enhance neurogenesis, which 
in turn reflects on motor function and cognition (12).

While in the present study EE did not rescue the cogni-
tive deficits in the cuprizone mouse model, enriched mice 
performed significantly better, as compared to other cuprizone 
groups. Altogether, the results of the MWM in this study 
provided evidence that EE improved spatial learning and 
memory in the MS animal model. Similarly, EE significantly 
improved motor function in the cuprizone mouse model, as 
evidenced by the ability of the mice to spend more time on the 
rotating rod. Notably, the effect of EE was more pronounced 
in motor activity, suggesting that spatial learning and memory 
are more complex processes.

The present findings revealed a marked effect of EE on 
mice in the cuprizone group undergoing induced depression. 
A complete reversal of the effects of induced depression was 
noted in terms of cognition and motor function. Mice in the 
cuprizone group undergoing induced depression and exposed 
to EE performed similarly to those from the cuprizone group 
with no intervention. The aforementioned results suggested 
that, although EE exposure did not regain control values in the 
cuprizone mouse model of demyelination, it certainly reversed 
the effect of induced depression. These findings indicated that 
the disease effects of MS on its own could not be reversed 
by EE, but the additive effect of induced depression could. 
Nevertheless, the underlying biological mechanism of EE in 
the cuprizone-induced demyelination mouse model needs to 
be further investigated. For example, genetic studies including 
the expression of genes and receptors that influence brain plas-
ticity and function may be important to elucidate the effect 
of changes in gene expression on EE in cuprizone-induced 
demyelination in animal models.

In the present study, the performance of the Cup-Dep group 
of animals in the MWM with a hidden platform was significantly 
worse than that of all other groups. This deficit was unlikely, 
due to a learned helplessness that may have been induced by the 

Figure 3. Rotarod performance test as a measure of motor coordination. Bar 
graph plots the time (sec) spent on the rotating rod when tested at a constant 
speed (4.5 m/min). No significant difference was observed between the 
control and Cup‑EE groups (P>0.05). Cup‑EE spent significantly more time 
on the rotating rod than other cuprizone groups (*P<0.05), indicating that EE 
improved motor coordination. Cup‑Dep had significantly worse results than 
both Cup‑O and cup‑ED (*P<0.05). EE, enhanced environment.

Figure 4. Behavioral changes measured by OFT. Bar graph illustrating the 
time spent in the central zone (sec) of the arena. All groups spent compa-
rable time in the central zone without any significant differences observed 
among the control and cuprizone groups (P>0.05). This indicates the 
absence of anxiety‑like behavioral changes in the cuprizone groups. OFT, 
open field test.
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forced swim test, since the Cup-ED group completely reversed 
the effects of depression in the MWM. In addition, the perfor-
mance of the Cup-ED group in a maze with a visible platform 
(data not shown) was indistinguishable from that of other groups. 
Although all cuprizone groups in the present study exhibited 
no learning behavior, induced depression further deteriorated 
performance, which was ameliorated by EE.

Considerable evidence has suggested that MS patients 
have higher rates of anxiety (37,38). In the present study, the 
results of the OFT failed to show an anxiety‑like behavior in 
the cuprizone mouse model, since all groups exhibited similar 
exploratory behavior. Similar results, suggesting that anxiety-
like behavioral changes are subtle or absent in the animal 
model of MS, were reported by Rodrigues et al (39).

EE and depression are known to induce molecular and 
cellular changes in specific brain regions (40,41). These 
changes included altered gene expression profiles and 
enhanced neurogenesis and synaptic plasticity (40).

Long term potentiation (LTP) and long-term depression 
(LTD), two opposing forms of long-term plasticity, are believed 
to be the actual synaptic processes underlying learning and 
memory (42). EE modulates synaptic plasticity by enhancing 
LTP, thus improving memory (25). Conversely, depression and 
stressful conditions impair LTP and facilitate LTD (41).

These observations correlate possible synaptic plasticity 
changes in the hippocampus with exposure to different factors. 
The present study suggests synaptic plasticity involvement in 
the cuprizone mouse model of demyelination, where memory 
was modulated upon exposure to EE and depression.

Increasing evidence suggests that the decline in daily 
activities and functions in MS patients is the result of 
interplay, among several other factors including depression 
which, however, is not solely caused by the disease. These 
findings clearly demonstrated the deteriorating effects of 
depression on the cuprizone mouse model, and the amelio-
rating effect of EE on the decline in cognition and motor 
function. Data from the present study are very encouraging 
in the context of using EE to improve the quality of life of 
patients with MS.

A limitation of the present study was the lack of morpho-
logical and biochemical markers to prove demyelination. 
However, cuprizone-induced demyelination is a widely used 
model of MS in animals (15,16).

In conclusion, the results of this study raise the possibility 
of future applications of non-medical therapy for MS, and 
encourage future researchers to explore the technological 
advances of non-invasive manipulations of brain activity to 
modulate the course of various neurological diseases.
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