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Effect of β-lactam antibiotics on motor coordination in mice
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ABSTRACT
Background: Glutamate is the major excitatory amino acid transmitter in the brain playing an important role in
synaptic plasticity which helps in cognitive functions such as learning and memory, motor coordination and
locomotor activity. Beta lactam antibiotics have shown to enhance the uptake of Glutamate via activation of the
genetic promoter for GLT-1.The present study was undertaken to evaluate the effect of Beta lactam antibiotics
on motor coordination in mice.
Methods: Swiss albino mice of either sex were grouped into three and treated with Ampicillin-240mg/kg,
Amoxicillin+Clavulanic acid-200mg/kg and Ceftriaxone-200mg/kg for 14 days respectively. The motor
coordination of these animals were evaluated using Rotarod before and after administration of beta lactam
antibiotics on 1st day, 7th day and 14th day.
Results: A significant increase in the motor coordination among the three groups in mice was observed from
before administration to 1st day, 1st to 7th day, 7th to 14th day and before to 14th day (P<0.001). However,
there were no significant differences in motor performance between the three groups treated with Ampicillin,
Amoxicillin+Clavulanic acid and Ceftriaxone (P>0.05).
Conclusions: These results suggest that there is an improvement in the motor performance after administration
of Beta lactam antibiotics in mice.
Keywords: Beta lactam antibiotics, motor performance, improvement.

INTRODUCTION
Glutamate is the most important transmitter for
normal brain function. It is estimated that over half
of all brain synapses release this excitatory
neurotransmitter. Glutamate plays an especially
important role in clinical neurology because
elevated concentrations of extracellular glutamate,
released as a result of neural injury, are toxic to
neurons.[1]Regulation of glutamate homeostasis is
finely controlled, as excessive extracellular
glutamate is neurotoxic. Neuronally released
glutamate is taken up primarily via a class of
electrogenic glutamate transporters that are
differentially expressed in astrocytes and neurons.
Astrocytes express the glutamate transporters
GLT1/EAAT2 and GLAST/EAAT1.
Alterations in astrocytic glutamate transporter
expression likely contribute to a number of human
neurosurgically relevant pathologies including but
not limited to epilepsy, stroke, and glioma growth

and migration. Beta lactam antibiotics directly
upregulates glutamate transport which provides an
alternate mechanism to regulate extracellular
glutamate that may ultimately prove useful in the
treatment of a variety of pathologies such as
epilepsy, stroke, degenerative diseases and glial
neoplasms.[2] Both penicillin and cephalosporin
beta-lactam antibiotics increased GLT-1 expression
within 48 hours at physiologically relevant doses.
No effect on transporter expression was seen with
other classes of antibiotics during their initial
screening of over 1,000 FDA approved drugs and
nutritionals to search for which compounds
increased GLT-1 expression in rodent spinal cord
organotypic slices. [3]
Pre-treatment with 200 mg/kg ceftriaxone
significantly reduced the brain injury scores and
apoptotic cells in the hippocampus, restored
myelination in the external capsule of P14 rats, and
improved the hypoxia-ischemia induced learning
and memory deficit of P23-24 rats. GLT1
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expression was observed in the cortical neurons of
ceftriaxone treated rats.[4] A single dose of
ceftriaxone could also relieve inflammatory and
postsurgical pain and upregulate GLT-1 expression
in mice.[5]Ceftriaxone restored GLT-1 and xCT
levels and prevented cue- and cocaine-induced
reinstatement of drug seeking.[6]Ceftriaxone has
also proved to possess anti-allodynic effect and
anti-hyperalgesic effect in Streptozocin induced
diabetic rats.[7]Another study also reported that
Ceftriaxone dramatically improves survival in
stroke by glutamate uptake and inducing
neurotropins.[8]

Rotating Rod [12]: This method is used to assess
the ability of the animals to maintain equilibrium
and muscle control on a rod rotating at a speed of
20 rpm. The animals of all three groups were
placed on the rotating rod and the duration to
balance and to maintain itself (fall off time) on the
rotating rod was noted before and after
administration of drugs. The cut off time was taken
as 300 secs (normally within 3-5 mins) in the
study.
Statistical analysis: The data obtained were
expressed as mean and interpreted by students
paired “t” test and confirmed by repeated measures
of ANOVA. The effect on motor co-ordination
between the drugs was studied by ANOVA. The
above procedures were performed by the statistical
package IBMSPSS statistics -20. The P-values less
than or equal to 0.05(P≤0.05) were considered as
statistical significant.

Clavulanic acid which is a beta-lactamase inhibitor
possessing similar structure to penicillins, has also
shown a beneficial effect on the behavioural deficit
in rodent models of neurodegenerative diseases
.The latter study also demonstrated efficacy of
CLAV against kainic acid-induced convulsions and
lethality in mice.[9]It has been reported that
Clavulanic acid also activates GLT1.[10] Another
study has also shown that mice deficient in
Metabotropic glutamate receptor 1 (mGluRl) have
severe motor coordination and spatial learning
deficits.[11]Even
though
previous
studies
demonstrated the beneficial effect of beta lactam
antibiotics on various neurodegenerative diseases,
no attempt has been made to investigate the motor
coordination activities and hence the present study.

RESULTS
The three groups of mice such as Group I
(Ampicillin), Group II (Amoxicillin+Clavulinic
acid) and Group III (Ceftriaxone) were compared
in respect of their weight to find out the
homogeneity and their motor performance before
the administration of drugs. The three groups were
not differed significantly in terms of weights of
animals (P>0.05) (Table-1) and motor performance
before the drug administration (Table-2). Hence
they are comparable groups. The effect of the beta
lactam antibiotics on motor coordination by
Rotarod within the groups were measured from
before to after at 1st day,7th day, 14th day and before
to 14th day.

METHODS
Experimental Animals: Healthy Swiss albino
mice weighing 25 to 30 Grams, of either sex were
kept in separate polypropylene cages in groups of
four and housed in the Central Animal house of Sri
Muthukumaran Medical College Hospital&
Research Institute. They were maintained at room
temperature (25 ± 2°C), under standard 12:12 light
dark cycle, given animal feed obtained from
TANUVAS and water ad libitum. The study
protocol was approved by the Institutional Animal
Ethical Committee.

There was a significant increase in motor
performance of mice from before administration of
Ampicillin to 1stday , 1st to 7th day, 7th to 14th day
and before to 14th day (P<0.001) (Table-3). The
effect of Amoxicillin + Clavulanic acid on motor
co-ordination was shown that the increase in motor
performance of mice were statistically significant
from before administration of drug to 1st , 1st to 7th
day, 7th to 14th day and before to 14th day (P<0.001)
(Table-4). There was a significant increase in motor
performance of mice from before administration of
Ceftriaxone to 1st , 1st to 7th day, 7th to 14th day and
before to 14th(P<0.001) (Table-5). The comparison
of the motor performance of the mice from before
to1st day, 1st to 7th day, 7th to 14th day and before
to 14th day between the three groups have shown
that the mean differences in motor performance
were not statistically significant (P>0.05) (Table6). The motor performance within the groups and
between the groups by repeated measures
illustrated in Fig-1.

Study design: Swiss albino mice were selected at
random and divided into three groups and each
group comprising of five animals. The three
groups of animals such as Group I, Group II &
Group III received Ampicillin 240mg/kg,
Amoxicillin+Clavulanic acid 200mg/kg and
Ceftriaxone 200mg/kg respectively. The test
compounds were administered intraperitoneally for
14 days. The animals were weighed before the
study and the dosage were calculated according to
their body weight. The motor coordination was
assessed using the Rota rod instrument before and
after administration on 1st day, 7th day and 14th day
in all the three group animals.
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Ceftriaxone).It also indicates that the motor
performance of mice have shown improvement
during the course of exposure for 14 days in all the
three groups. Apart from this, the study also
revealed that there is no difference in the
improvement of motor coordination among the
three groups during the course of drug
administration.

DISCUSSION
Glutamate is the major excitatory amino acid
transmitter in the brain. These are distributed
widely in the CNS and spinal cord. Within these
regions they play major role in physiological
process such as learning and memory, motor
coordination, locomotor activity, central pain
transduction and in pathological process such as
excitotoxic neuronal injury following ischemia and
CNS trauma. Studies have also proven their
excitotoxic role in some neurodegenerative
diseases [13].

CONCLUSION
The present study suggests that motor performance
of mice were improved with the administration of
some Beta lactam antibiotics such as Ampicillin,
Ampicillin + Clavulanic acid and Ceftriaxone.
However there was no significant difference in the
improvement of motor coordination among the
three drugs. Further exploration of the study is
needed to have a better understanding on
mechanism of the action of these drugs on motor
activities.

Beta lactam antibiotics having been used
commonly as an antibiotic for a several decades.
Recent studies have shown that certain beta lactam
antibiotics such as Ceftriaxone and Clavulanic acid
has significant activity on glutamate transporter in
the brain enhancing the uptake of glutamate.
Several studies have revealed that the also possess
anti-depressant [14], anti-inflammatory [15],
analgesic [16], anti-epileptic [19] and neuro
protective effects attributing them to their activity
on GLT-1 .These glutamate uptake mechanism also
known to have a role in motor coordination. Hence
the present study was designed to evaluate the
effect of the Beta lactam antibiotics on motor
coordination using the rota rod apparatus in mice.
The results of the present study have shown
improvement in the form of staying for longer time
over the rota rod compared to the time of stay from
before to after administration of all the three drugs
(Ampicillin, Ampicillin + Clavulanic acid,
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Table 1: Weight of the animals between three groups before administration of test drugs:
Weight in gms
Group
“F”
df
Significance
Mean
SD
Group I
35.6
3.7
Group II
32.5
1.6
2.196
2,10
P>0.05
Group III
32.6
1.1
The three groups were not differed significantly in terms of weights of animals (P>0.05).
Table 2: Comparison of three groups on motor performance before drug administration:
Group
Group I
Group II
Group III

Balancing time in secs
Mean
SD
143.2
7.0
144.7
7.1
146.5
7.7

“F”

df

Significance

0.228

2,10

P>0.05

The three groups were not differed significantly on motor performance before the drug administration. Hence
they are comparable groups.
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Table 3: Effect of Ampicillin on motor co-ordination:
Days
Balancing
Balancing
Improvement Paired df
time in secs
time in secs
in Balancing “t”
time in secs
Mean SD
Mean SD
Mean SD
Before to 1st day
143.2 7.0
149.6 7.4
6.4
2.3
6.216
4
1st – 7th day
149.6 7.4
155.2 5.6
5.6
3.0
4.106
4
7th -14th
155.2 5.6
162.4 7.1
7.2
2.9
5.458
4
Before to 14th day
143.2 7.0
162.4 7.1
19.2
5.6
7.625
4
There was a significant increase in motor performance of mice from before administration of
day, 1st to 7th day, 7th to 14th day and before to 14th day (P<0.001).

Sig

P<0.01
P<0.01
P<0.01
P<0.01
Ampicillin to 1 st

Table 4: Effect of Amoxicillin + Clavulanic acid on motor co-ordination:
Days
Balancing
Balancing
Improvement Paired df
Sig
time in secs
time in secs
in Balancing “t”
time in secs
Mean SD
Mean SD
Mean SD
Before to 1st day
144.8 7.1
152.0 5.5
7.2
1.9
7.660
3
P<0.01
1st – 7th day
152.0 5.5
159.5 4.9
7.5
1.3
11.619
3
P<0.01
7th -14th
159.5 4.9
166.0 4.2
6.5
1.0
13.000
3
P<0.01
Before to 14th day 144.8 7.1
166.0 4.2
21.2
4.0
10.543
3
P<0.01
The increase in motor performance of mice were statistically significant from before administration of
Amoxicillin+Clavulanic acid to 1st , 1st to 7th day, 7th to 14th day and before to 14th day (P<0.001).
Table 5: Effect of Ceftriaxone on motor co-ordination:
Days
Balancing
Balancing
Improvement
time in secs
time in secs
in
Balancing
time in secs
Mean
SD
Mean SD
Mean
SD
Before to 1st day
146.5
7.7
155.0 6.2
8.5
1.9
1st – 7th day
155.0
6.2
161.2 5.7
6.2
2.1
7th -14th
161.2
5.7
169.8 4.3
8.5
2.5
Before to 14th day 146.5
7.7
169.8 4.3
23.2
5.2

Paired
“t”

df

Sig

8.878
6.063
6.755
8.854

3
3
3
3

P<0.01
P<0.01
P<0.01
P<0.01

There was a significant increase in motor performance of mice from before administration of Ceftriaxone to 1 st ,
1st to 7th day, 7th to 14th day and before to 14th (P<0.001).
Table 6: Motor performance between the groups:
Group
Group I
Group II
Group III

Balancing time in secs
Mean
20.4
19.5
19.6

SD
7.3
5.1
9.3

“F”

df

Significance

0.042

2,10

P>0.05

The mean differences in motor performance between the three groups were not statistically significant (P>0.05).
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Figure 1: motor performance within the groups and between the groups
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