
 
 
PHYSIOLOGICAL RESEARCH • ISSN 0862-8408 (print) • ISSN 1802-9973 (online) 
 2019 Institute of Physiology of the Czech Academy of Sciences, Prague, Czech Republic 
Fax +420 241 062 164, e-mail: physres@fgu.cas.cz, www.biomed.cas.cz/physiolres 
 

Physiol. Res. 68: 1037-1042, 2019 https://doi.org/10.33549/physiolres.934172 

 
SHORT COMMUNICATION 

 
Forelimb Movement Disorder in Rat Experimental Model 
 
 
D. MAREŠOVÁ1, K. KOTKOVÁ2, P. KOZLER1, J. POKORNÝ1 
 
1Institute of Physiology, First Faculty of Medicine, Charles University in Prague, Prague, Czech 
Republic, 2Department of Rehabilitation Medicine of the First Faculty of Medicine of Charles 
University and General Teaching Hospital in Prague, Prague, Czech Republic 
 

Received March 25, 2019 
Accepted July 4, 2019 
Epub Ahead of Print October 25, 2019 
 
 
Summary 
Study of motor activity is an important part of the experimental 
models of neural disorders of rats. It is used to study effects of 
the CNS impairment, however studies on the peripheral nervous 
system lesions are much less frequent. The aim of the study was 
to extend the spectrum of experimental models of anterior limb 
movement disorders in rats by blockade of the right anterior limb 
brachial plexus with the local anesthetic Marcaine (Ma), or with 
aqua for injection administered into the same location (Aq) (with 
control intact group C). Two other groups with anterior limb 
movement disorders underwent induction of cellular brain edema 
by water intoxication (MaWI and AqWI). Results showed a lower 
spontaneous motor activity of animals in all experimental groups 
versus controls, and lower spontaneous motor activity of animals 
in the MaWI group compared to other experimental groups in all 
categories. There was no difference in spontaneous activity 
between the groups Ma, Aq and AqWI. Our study indicates that 
alterations of spontaneous motor activity may result from the 
impaired forelimb motor activity induced by the anesthetic effect 
of Marcaine, by the volumetric effect of water, as a result of 
induced brain edema, or due to combination of these individual 
effects. 
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Spontaneous motor activity is an important 
parameter of experimental models of neural disorders of 
rats. It is currently studied by methods of the open field 
test, introduced into practice by Hall (1934). The 
spectrum of parameters studied in the open field test is 
extensive (Aragao et al. 2011, Russell et al. 2011, 
Šlamberová et al. 2013, Hrebíčková et al. 2014, Jandová 
et al. 2014, Kozler et al. 2014, Malinová-Ševčíková et al. 
2014). Most of these studies was aimed at various 
experimental models of the CNS impairment in rodents. 
The use of open field test for examination of the 
peripheral nervous system lesions is much less frequent; 
in the PubMed database, only 7 papers dealing with this 
issue have been found (Bertelli and Mira 1993, Hasnie  
et al. 2007, Biazar et al. 2013, Vachon et al. 2013, Berger 
et al. 2014, Lyons et al. 2015, Murad and Ayoub 2015). 

From the above reasons, one partial objectives of 
the study were to extend the spectrum of experimental 
models of peripheral motor disorders of forelimbs with 
the analysis of behavior in the open field test. The second 
aim was to offer to clinical disciplines dealing with motor 
impairment a new experimental model to study 
physiological and pathophysiological phenomena of the 
given disorders. 

All experiments were approved by the Ethical 
Committee of the First Faculty of Medicine (Charles 
University in Prague) and were in agreement with the 
Guidelines of the Animal Protection Law of the Czech 
Republic and Guidelines for the treatment of laboratory 
animals EU Guidelines 86/609 / EEC.  

For experiments, Wistar male rats of our own 
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breed, with the body weight of 400-410g were used. Total 
of 40 rats were divided into five groups of 8 animals: 
Control group C consisted of intact animals; in the first 
experimental group (Ma), blockade of the right anterior 
limb brachial plexus with the local anesthetic Marcaine 
was done; in the second experimental group (Aq), instead 
of the anesthetics, aqua for injection was administered 
into the same location; in the third (MaWI) and the fourth 
(AqWI) groups, both interventions were done in rats with 
cellular brain edema (CE) induced by water intoxication 
(WI).  

Surgery. Experimental interventions 
(applications of the solutions) were performed in 
spontaneously breathing rats under inhalation anesthesia 
by isoflurane (Florante®, AbbVie Ltd.). In the supine 
position with fixed and abducted limbs a needle was 
introduced in the skin fold of the right axilla to the 
shoulder girdle and one third of the dose was injected 
within three minutes into the inner side of the girdle and 
the other two thirds were injected above and below the 
girdle. In groups Ma and MaWI the nerve blockade was 
achieved by local anesthetic Marcaine in concentration 
of 0.5 %. Marcaine (bupivacaine hydrochloride - 
Marcaine©, AstraZeneca plc, www.medicines.org.uk/emc/ 
medicine/23926) is a local anesthetic of the amide type 
with medium latency and rapid onset of action, which 
brings prolonged reversible blockade of vegetative, 
sensitive and motor nerves and the cardiac conduction 
system. Marcaine blocks ionic flows across the 
membrane of nerve fibers, thus blocking the generation 
and propagation of action potentials. 

The dose of Marcaine used to block the nerves 
was determined according the recommended dose for 
adult humans used in clinical practice, which has the 
maximum effect without and toxic side effects. For rats in 
our experiment (the body weight 400-410 g) the dose was 

0.2 ml of 0.5 % Marcaine per a single injection. 
Animals in the experimental groups Aq and 

AqWI received the same volume of Aqua for injection 
(B. Braun Medical), which is the common solvent for 
parenteral administration of water-soluble drugs and is 
also used as "sham solution" in rodent experimental 
models (Schulz et al. 2002, Klímová et al. 2014). 

After the injection, inhalation anesthesia was 
terminated, and animals were left to awaken 
spontaneously. Recording started after the resumption of 
righting reflex, and the recovery of spontaneous 
locomotion. The time interval between the end of 
inhalation anesthesia and the start of testing was 
consistently 25 to 30 minutes. 

Water intoxication was achieved by fractionized 
hyperhydration combined with administration of an 
antidiuretic drug desmopressin. This method is routinely 
used to induce experimental cellular brain edema and is 
described in details elsewhere (Olson et al. 1994, 
Yamaguchi et al. 1997, Silver at al. 1999, Manley et al. 
2000, Vajda et al. 2000, Kozler and Pokorný 2003, 
Kozler et al, 2013, Kozler et al. 2017a, Kozler et al. 
2017b, Kozler et al. 2018). 

Open field test. To test horizontal locomotor 
activity - time spent in locomotion (s), distance travelled 
(m) and speed of locomotion (m/s) during one-hour 
interval, we used the system Laboras (Metris, B.V., 
Netherland). The system description and testing 
principles are described in details elsewhere (Aragao  
et al. 2011, Russell et al. 2011, Šlamberová et al. 2013, 
Jandová et al. 2014, Kozler et al. 2014, Hrebíčková et al. 
2014, Malinová-Ševčíková et al. 2014). 

Statistical evaluation. The results of all 
measurements were statistically evaluated using the tests 
of the GraphPad Prism program 6 (unpaired t test, the 
statistical significance was set at 5 %). 

 
 

 

 
 
Fig. 1. Spontaneous motor activity of control and experimental animals. Legend: C = Control group, Ma = Marcaine group, Aq = Aqua 
pro injectione group, MaWI = Marcaine after water intoxication group, AqWI = Aqua pro injectione after water intoxication group, 
∗ p<0.05. For simplicity; significance of differences between the control group and all experimental groups (p<0.01) is not shown. 
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The average values of all three motor activities 
were obtained by analyzing the first 10 second intervals 
from each of the six consecutive records during one hour 
of monitoring. The average activity values presented in 
the results thus represent the 60-second average activity 
of all eight animals in each group. This method of 
analysis allows the Laboras software to exclude effects of 
the habituation phenomenon, which brings a decrease of 
motor activity in the second half of the monitoring (from 
30 minutes onwards) as the animals become accustomed 
to the new environment (Prut et al. 2003). 

Results given at Figure show a significantly 
lower spontaneous motor activity of animals in all 
experimental groups versus animals in the control group. 
Figure does not show the statistical significance of 
differences in motor activity between the control group 
and all experimental groups (p<0.01).  

Results also show a significantly lower 
spontaneous motor activity of animals in the MaWI 
experimental group compared to other experimental 
groups in all categories. There was no significant 
difference in spontaneous activity between the 
experimental groups Ma, Aq and AqWI. 

Behavioral observations have shown that rats are 
primarily "front-wheel drive" - front legs are 
predominantly used in the spontaneous locomotion. If 
their forelimbs are lifted above the floor, the rats are 
unable to walk on hind legs only. In the position on both 
hind legs - the rat is able to initiate gait with one leg 
while the other rotates on the ground or does few small 
steps backward or sideward. However, if hind legs are 
lifted above the floor - the position on both front legs - 
the rat is able to walk immediately and cover a long 
distance in a position resembling driving the wheelbarrow 
("wheelbarrow posture") (Schallert et al. 2003).  

Results of our experiments indicate that 
disorders of the forelimb motor activity would 
significantly affect spontaneous movements of the whole 
animal. Monitoring and evaluation of spontaneous motor 
activity of animals was a priority in our work, so we did 
not study in detail the disorders of right front limb using 
standard tests of motor skills (Brooks and Dunnet 2009). 
Functional disorder of the right forelimb corresponded to 
the severe limitation of motor activity but the forelimb 
was not completely paralyzed.  

In our work, the motor disorder of the right 
forelimbs was induced by blocking the brachial plexus by 
Marcaine or by application of aqua pro injectione into 
axilla; the same intervention into the forelimb motor 

activity was done also in animals with induced brain 
edema (Fig. 1). Comparing both methods for forelimb 
motor disorder induction, it is possible to conclude that 
the lowest spontaneous motor activity was found in 
animals with Marcaine blocade in animals with brain 
edema (MaWI group) (Fig. 1). The transient loss of 
peripheral nerve conductivity induced by Marcaine was 
augmented by the generally suppressive effect of brain 
edema.  

The effect of cytotoxic brain edema plus 
peripheral neuropathy on the spontaneous locomotor 
activity of rats we have described in another work 
(Kozler et al. 2017). 

The degree of reduction of the spontaneous 
motor activity of animals in experimental groups Ma, Aq 
and AqWI was similar (no difference in parametrs of 
motor activity between these groups was found, Fig. 1). 

Marcaine in Ma group blocks the flow of ions 
across the membrane of nerve fibers, thus blocking the 
generation, propagation and conduction of action 
potentials. 

In Aq group, a compressive neuropathy was 
induced by the volumetric effect of 0.2 ml of water, that 
formed a fluid depot in the intimate proximity of brachial 
plexus. The fact that compression of nerve fibers brings 
impairment of their function was demonstrated in rats in 
experimental models - compression with a mini-clamp for 
2 seconds or a compression by a minicuff inflated to 
50 mmHg resulted in an increased endoneural pressure 
and subsequent impairment of axonal conduction 
(Rydevik et al.1980, Igarashi et al. 2005). Manifestations 
of compression neuropathies, are also known in the 
clinical practice - nerve compression can be caused by 
a fluid, such as due to lymphedema (Ganel et al. 1979) or 
cyst (Sanchez et al. 2011). 

Monitoring of spontaneous motor activities 
using the open field test revealed significantly lower 
activity in the Ma and Aq experimental groups versus 
animals of the control group. The activity reduction was 
comparable with no significant difference between both 
experimental groups (Fig. 1). 

Open field test appears to be sufficiently 
sensitive method for registration and analysis of 
functional failure of a single forelimb but it is not specific 
enough to distinguish within the test period of 60 minutes 
the functional impairment induced by anesthetic from the 
compression effect of the solvent. In order to eliminate 
the volumetric effect, the period of recording should be 
extended, enabling water to be absorbed and reveal only 
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Marcaine anesthetic effect. However, in our dose and 
concentration conditions it could last up to eight hours. 

Nevertheless, we hypothesize that it was the 
anesthetic effect of Marcaine that reduced the motor 
activities of the animals of MA group, whereas it was the 
volumetric effect of aqua for injection which induced the 
same effect in the Aq group. As a proof we see the motor 
activity of animals in the experimental groups MaWI and 
AqWI - in animals with induced cellular brain edema. 
Their spontaneous motor activity was lower than those of 
the animals in the control group (Fig. 1). However, the 
spontaneous activity of the MaWI group was significantly 
lower than that of the animals in the AqWI group as well 
as in the Ma and Aq groups, among which there was no 
significant difference (see Figure). As the animals in the 
MaWI and AqWI experimental groups were those with 
cellular brain edema, it is probable that the very low 
motor activity of animals in the MaWI group results from 
the synergistic effect of the manipulated central nervous 
system (cellular edema and its general effect on cerebral 
function) and impaired peripheral nervous system 
(Marcaine anesthetic effect on brachial plexus fiber 
conductivity). If only the volumetric effect of the applied 
volume of fluid (Marcaine or Aqua for injection) would 
be behind the right anterior limb impairment, the 
spontaneous movement activity of animals in the AqWI 
group should be attenuated similarly to MaWI animals. 

However, due to the absence of an anesthetic effect of 
Marcaine in animals in the AqWI group, the spontaneous 
motor activity of rats in this group is significantly less 
affected.  

Our study indicates that the impaired anterior 
limb mobility and consequently the decreased 
spontaneous motor activity may result from Marcain's 
anesthetic effect, from the volumetric effect of the 
applied Aqua pro injectione, from the effect of induced 
cellular brain edema, or from combinations of these 
effects. 

We believe that the results of our study will be 
also inspiring for some clinical disciplines such as 
neurorehabilitation. Modern neurorehabilitation should 
emphasize the well-defined, focused and reliably 
measurable procedures with specific indicators of the 
functional status (Daly et al. 2007). To advance clinical 
procedures, results of studies of physical activity of rats 
in experimental models appear to be essential (Kolb et al. 
1991, Jones et al. 1999, Biernaskie et al. 2001) 
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