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Abstract 

Despite extensive research efforts in the field of cerebral ischemia, numerous disappointments came out. 
Indeed, even if experimental studies showed up a huge number of promising drugs, most of them unfortunately 
failed to be efficient in clinical trials. Based on these reports, factors that play a significant role in causing 
outcome variation were identified and recently reviewed in the Rodent Stroke Model Guidelines for Preclinical 
Studies. Herein, we provide improvements to this first edition as regards to the functional evaluation section, 
especially regarding long-term evaluation. Indeed, as in clinical practice (Rothrock et al 1995), animals display a 
certain degree of spontaneous recovery after stroke (Hunter et al 1998; Roof et al 2001; Zausinger et al 2000; 
Zhang et al 2000). Typically, the neurological impairment, assessed by basic items, usually disappears during 
the initial week following stroke in rodents (Bederson et al 1986). As a contrary, more demanding sensorimotor 
and cognitive tasks underline other deficits, usually long-lasting. Unfortunately, studies addressing such 
behavioral impairments are less abundant. Therefore, because the characterization of long-term functional 
recovery is critical for evaluating the efficacy of potential therapeutic agents in experimental stroke, behavioral 
tests that proved to be sensitive enough to detect long-term deficits are reported here. Overall, since the 
ultimate goal of any stroke therapy is the restoration of normal functions, an objective appraisal of the behavioral 
deficits should be done. 
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Introduction 

We would like to thank all the authors of the first 
version of 'Stroke model Guidelines'. This manuscript 
is a very useful and powerful tool, which will allow 
improving research in the field, and will also help 
young investigators to choose and develop rodent 
stroke models in their labs. Nevertheless, from our 
point of view, some steps that could be helpful 
especially in regards to the paragraph 8 Functional 
evaluation, seem to have been omitted or should be 
more emphasized.  

Animal body weight 

The first point to consider is the body weight. 
Monitoring body weight changes after stroke is 
indeed of prime importance. Poor nutritional intake 
may result from (i) reduced consciousness level; (ii) 
impaired mastication, i.e. unsafe swallow or facial 
weakness and/or (iii) poor mobility (Dennis 2000; 
Dittmar et al 2003). It is beyond controversy that 
several factors are involved in postoperative weight 
loss, such as anesthesia and the surgical procedure 
per se. However, origin of other factors does not 
seem to be completely understood, and literature is 
not unanimous regarding the graded reduction of 
body weight. Some of the authors associated loss of 
body weight with damage of the external carotid 
artery territory (Dittmar et al 2003), whereas others 
associated it to the extensive corticostriatal damage 
itself (Middle cerebral artery territory) (Virtanen et al 
2004). Anyhow, weight monitoring is recommended 
by all authors in the field, since it gives an 
independent and unambiguous measure of animal 
welfare and safety. Animals should be weighed at 
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least once before surgery and then regularly after – 
at least until initial body weight recovery. 
Furthermore, accessible to everyone and not only to 
behaviorists since it does not require any specific 
skill, this parameter can give also, in some ways, 
information on how animals recover from surgery and 
can even be a prognostic index for functional 
outcome. Interestingly, clinical observations, notably 
from the FOOD clinical trial (FOOD Trial 
Collaboration 2003), have associated poor nutritional 
status to poor outcome after stroke. Similarly, a 
negative effect of both malnutrition and dehydration 

has been observed on functional outcome after stroke 
(Davalos et al 1996). Thus, even if a strong causal 
link is not so obvious, Jonsson and colleagues 
suggested that body weight monitoring may be 
useful, particularly among patients with severe stroke 
(Jonsson et al 2008). Besides, Dennis demonstrated 
that patients’ nutritional status often deteriorates after 
stroke because metabolic demands cannot be 
satisfied due to feeding difficulties (Dennis 2000). As 
regards to experimental studies, Dittmar and 
colleagues demonstrated that impaired mastication 
and swallowing functions restricted ingestion and 

resulted in worse motor performance (Dittmar et al 
2003). 
 
Long-term functional concerns 

In animal, the functional evaluation during the early 
hours following stroke are often misstated by surgery 
and anesthetics used. Therefore, 2-6 hours post-
occlusion is a conflicting period. Thus, a long-term 
evaluation has to be considered. Moreover, such 
long-term studies have been highly recommended 
during the Stroke Therapy Academic Industry 
Roundtable (Fisher et al 2007; Green 2002; 1999; 
Wahlgren & Ahmed 2004). Indeed, as in clinical 
practice (Rothrock et al 1995), animals display a 
certain degree of spontaneous recovery within the 
short time after experimental cerebral ischemia 
(Hunter et al 1998; Roof et al 2001; Zausinger et al 
2000; Zhang et al 2000). Although more demanding 
sensorimotor and cognitive tasks are powerful to 
reveal tiny deficits, long-term studies addressing such 
behaviors are unfortunately less abundant. The 
characterization of long-term functional recovery is 
however critical for evaluating the efficacy of potential 
therapeutic agents in experimental stroke. Indeed, 
both acute (few days) and long-term (several weeks 
or months) evaluations have to be addressed in order 
to demonstrate a stable neuroprotection, and not only 
a slowing of the lesion maturation (Corbett & Nurse 
1998; Valtysson et al 1994). The issue of including 
behavioral assessment in animal stroke studies 
becomes even more critical with the recent interest in 

neurorestorative strategies, which require a longer 
time window of administration than classical 
treatments. Indeed, their effectiveness is more likely 
observable by changes in synapse number and 
dendritic structure for example, than by changes in 
infarct volume (Biernaskie & Corbett 2001; 
Kawamata et al 1996). Thus, since the ultimate goal 
of any stroke therapy is the restoration of normal 
functions of the patient, an objective appraisal of the 
behavioral deficits should be done. To this end, 
several behavioral tests have been applied to 
ischemia in regards to clinical criteria, from the most 
simple which measures global neurological status or 
motor reflexes (i.e. neurological score (Bederson et al 
1986), limb placing test (De Ryck et al 1989), 
chimney test, cylinder test (Bouet et al 2007)) – those 
tests would be mostly useful to assess acute phase 
after stroke, basically from 1 to 7 days) to more 
complex ones assessing both sensory and motor 
functions (i.e. adhesive removal (Bouet et al 2009), 
rotarod or staircase (Bouet et al 2007; Freret et al 
2009; Freret et al 2006; Grabowski et al 1993; Modo 
et al 2000; Rogers et al 1997), which are conversely 
more relevant for  long-term phase). Similarly, the 
memory tests have been developed to investigate 
cognitive functions (i.e. passive avoidance test, 
learning strategies - Morris water maze (Borlongan et 
al 1995; Bouet et al 2007; Freret et al 2009; Winter et 
al 2005) and would be preferentially used for later 
time points since they require minimal motor function). 
Stroke-induced functional impairments can be divided 
into acute (where the effect of drugs on the rate of 
recovery could be pointed out) and long-termed 
(where the effects of treatments on the extent of 
recovery could be appreciated). Ideally, a set of tests 
(at least one for each phase, acute and long-term) 
has to be performed to gather complementary 
information. Those behavioral tests have to be 
carefully chosen in accordance with the drugs tested, 
that is the time at which an effect is expected (acute 
or long-term stage after ischemic event) and the 
nature of the targeted cerebral structures. Indeed, 
since stroke damages various anatomical and 
functional regions of the brain with a different 
timescale, and because those regions may be also 
differentially affected by treatments, it is our view and 
that of others (Virley et al 2000) that direct (cortex, 
striatum) or indirect (thalamus) anatomical substrates 
hit during stroke, rather than global brain lesion, may 
be critical determinants of behavioral impairment and 
outcome. 
In the same way of thoughts, whereas the correlation 
between acute histological lesion and early 
behavioral impairment is well documented (Rogers et 
al 1997), less is known about the long-term evolution 
of this relationship. Moreover, those correlation 
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studies have to take into account the different brain 
structures affected by stroke in order to bring a better 
understanding of their involvement in behavioral 
impairments (Grabowski et al 1993; Hudzik et al 
2000). Basically, direct and indirect methods are 
unanimously admitted for estimating lesion volume 
both in the whole brain or for each cerebral structure. 
Their use depends on the time elapsed since the 
stroke event. Thus, for studies performed in an acute 
time frame, the lesion volume can be assessed by 
multiplying infarcted area by the distance between 
sections – direct method. Nevertheless, lesion 
volumes should be then corrected according to the 
volume of the edema. As regards to long-term 
studies and because of the disappearance of the 
necrotic area leading to a cystic zone, the lesion 
volume is frequently measured according to an 
indirect method. This method consists in calculating 
the difference between the remaining healthy 
ipsilateral hemisphere and the contralateral one, and 
then by multiplying infarcted area by the distance 
between sections (Grabowski et al 1993).  
 
The use of clinically relevant models taking into 
account associated factors and/or pathologies (i.e. 
aging, arterial hypertension, diabetes, ..) has to be 
reinforced. Indeed, the post-ischemic recovery may 
be different, depending on the presence of these 
aggravating factors. For instance, the majority of 
animal experiments - examining the pathophysiology 
and treatment of stroke, often consider relatively 
young animals (few weeks of age). However, in 
accordance to the great amount of recent findings in 
the field of aging (Lindner et al 2003; Nyberg & 
Waller 1989), it would be of a prime importance to 
investigate functional recovery in animal models 
integrating those aggravating factors. 
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