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1 BACKGROUND 3 RESULTS

2 METHODS

• 60 min occlusion time resulted in bigger lesions and more severe oedema
compared to 45 min occlusion.

• Neurological index combined with fine motor kinematic gait analysis exhibited as
suitable tests for assessment of animals’ general condition and for detecting subtle
differences in the behaviour.

• Both occlusion times generated sufficient lesions however, the neurological and
behavioural deficits as well as the remaining tissue damage over time were
significantly higher in the 60 min group, which makes the model stronger in term of
acute therapeutic window as well as longer lasting deficits for potential candidates
to act on.

4 CONCLUSIONS
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3 RESULTS CONT’D
Stroke is one of the leading causes of death and leading medical cause of acquired adult disability in the USA.
Despite its devastating effects, only intravenous thrombolysis with recombinant tissue plasminogen activator
(rtPA) has been approved for treatment of ischemic stroke. The therapeutic widow of rtPA however, is only up
to 4.5 hours after stroke, which makes it applicable to merely 5% of all patients.

In vitro studies, carried out in a tightly controlled environment have provided valuable insight into
neuroprotective properties of potential candidates such as the impact of oxygen and glucose deprivation.
However, such tightly controlled conditions of these studies prevent us from learning about the impact of
complex, physiological interactions that occur in the brain in vivo. Therefore, modelling stroke in the preclinical
in vivo settings is vital for identifying mechanisms underlying cerebral stroke and developing new therapeutic
agents.

Since ischemic stroke is very complex pathophysiologically, it is extremely important to consider whether the in
vivo model demonstrates desirable level of validity and whether it is suitable for testing efficacy of novel drug
candidates. In this study, we approached this question by inducing ischemic stroke with different occlusion
times and by employing a series of imaging and behavioral evaluations in order to select the most optimal
combination of occlusion time and assessment methods, for in vivo preclinical efficacy of drug testing in a
transient middle cerebral artery occlusion (tMCAO) model in Balb/c mice.

Balb/c mice were purchased from Charles River Laboratories (Germany). The initial cohort comprised 30 male
mice that were 11 – 13 weeks old and weighted 23 – 30 g at the start of the experiment. Mice were group-
housed during the 7-day habituation period and then single housed during the post-surgical period to avoid
fighting that might lead to injury and death. The mice were kept in temperature- and humidity-controlled
environment under a 13:11 h light/dark cycle (lights on at 07:00 am and off at 8:00 pm). Cages (IVC type II,
Allentown, Inc., Allentown, NJ, USA) were kept at negative pressure and contained corn cob-derived bedding
(Scanbur, Karlslunde, Denmark), nesting material (aspen wool, Tapvei Oy, Kortteinen, Finland), and a tinted
polycarbonate tunnel (Datesand, Manchester, UK). Mice were fed Teklad Global 16%-protein rodent diet
(Envigo, Huntington, UK) and had ad libitum access to food and water.

All surgical procedures were performed under isoflurane anaesthesia (2 – 5% Isoflurane, in 70% N2O and 30%
O2; flow 300 mL/min). The left Communal Carotid Artery (CCA) was exposed up to the bifurcation of
Communal Carotid Externa (CCE). Intraluminal filament (Ø 0.21 mm) was advanced through the CCE until it
reached the 10 mm mark at the bifurcation. Subsequently, the wound was sutured, and the mouse was placed
in a clean cage to wake up from the anesthesia. The filament will be left in place for 45 or 60 min. For DWI and
reperfusion, anesthesia was induced as described above. Following the DWI, the intraluminal filament was
removed to start the reperfusion. After removal of the filament, wound was sutured again, and the mouse was
placed in a clean cage on a heating pad to wake up from the anesthesia. Finally, the mouse was returned to
the home cage and allowed free access to food and water. Sham animals underwent anesthesia regime and
arteries exposure, but the filament was not inserted.

DWI was done before the reperfusion in order to confirm the lesion. In case when drop in the apparent
diffusion coefficient was smaller than 20% animals were excluded from the study. T2 MRI was done in order to
assess lesion volume, T2 relaxation time and brain oedema. Multi-slice multi-echo sequence was used with
following parameters; TR = 2.5 s, 12 different echo times (10 - 120 ms in 10 ms steps) and 4 averages.
Eighteen coronal slices of 1 mm thickness were acquired using field-of-view 30 x 30 mm2 and 256 x 128
imaging matrix. Sham animals were not subjected to imaging.

Mice’s neurological and behavioral features were assessed with the neurological index test and the 11-point
neuroscore test three days before the surgical procedures in order to determine “healthy” score. The tests
were repeated on D1, D3 and D6 post-surgery. were Additionally, the mice were subjected to the fine motor
kinematic gait analysis (motorater) on D3 and D6 post-surgery. The motorater test is able to detect major as
well as subtle differences in gait of diseased compared to healthy controls. Moreover, features of animal’s body
sides can be compared to each other, which renders the method very useful in stroke studies.

Figure 1. Schematic illustration of the study paradigm.
Numbers below the axis indicate days relative to the
surgical procedures (D0). Behavioural assessment was
performed on D-3, D1, D3, and D6. Diffusion weighted
imaging (DWI) was done on D0 and the T2-weighted
magnetic resonance imaging (T2 MRI) was performed
on D1 and D15)

The 60 min occlusion resulted in larger lesion volume on D1 compared to 45 min occlusion (p = .02). Two weeks
later, the lesions were significantly smaller compared to D1. Similarly, the extent of brain swelling was larger in 60
min occlusion group on D1 (p = .015) and two weeks later the swelling was significantly smaller in both groups
compared to D1. Relaxation time of the ipsilateral side was significantly higher in both groups at both time points
compared to contralateral side. Additionally, the relaxation time in the 60 min occlusion group increased
significantly compared to 45 min occlusion group.
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Figure 3. Comparison of lesion volume (A), oedema (B), and tissue viability (C) on day 1 and day 15 post-tMCAO surgery between mice
exposed to 45 min and 60 min occlusion period. Statistical analysis done using mixed-effects ANOVA with Sidak’s post-hoc test. *p < .05
between groups at the same time point; ##p < .01, ###p < .001 between time points; ‡‡‡p < .001 compared to Contralateral side. Graphs show
mean ± SEM.
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Figure 2. Representative image of a cortico-striatal lesion a mouse (#28) exposed to 60 min occlusion. Top row, D0 DWI; middle row, D1 
anatomical MRI; bottom row, D15 anatomical MRI. Higher signal indicate the infarct in the cortical and striatal region of the brain on D1.   

The DWI images were analyzed immediately after acquiring. The animals that did have an ADC drop less than 20%
were excluded from the study. The structural MRI scans acquired on D1 and D15 were used to calculate the
oedema, which is presented as percentage size difference of the side contralateral to the lesion compared to
ipsilateral side. The lesion volumes were calculated by hand-drawing regions of interest (ROIs) around the lesions
and calculation of number of voxels within the ROIs. The ROIs were then overlaid on T2-weighted images and
tissue relaxation time values were extracted.

Animals’ assessment using neurological index revealed significantly differences between both tMCAO groups and
SHAM. The 60 min occlusion time resulted in more pronounced neurological and behavioral deficits compared to
45 min occlusion time. Moreover, the deficits were present at all post-surgery time points. The 11-point neuroscore
generated less consistent results with 45 min occlusion group not different from SHAM at any time point. Deficits in
the 60 min occlusion group were again significant on day 1 and day 6 however, the score did not improve linearly.
Moreover, the 11-poin neuroscore was more variable between animals and SHAM group seemed to be affected
more than expected.
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Figure 4. Neurological index (A) and 11-point neuroscore (B) pre-tMCAO and post-tMCAO on D1, D3 and D6. Statistical analysis done using
two-way ANOVA with Tukey’s post-hoc test. *p < .05, **p < .01, ***p < .001 for tMCAO 45 min vs SHAM; #p < .05 for tMCAO 60 min vs SHAM
Graphs show mean ± SEM.
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Figure 5. Fine motor kinematic gait analysis. Overall gait analysis score (A) are
generated as an outcome of the PCA analysis. Gait characteristics are presented as
PCA scores and grouped (C) based on direction of change from SHAM (B).
Correlation heat map describing degree of correlation for each walking parameter in
the whole data set. Red color means positive correlation, while blue mean negative
and black no correlation (D).
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