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Antiallodynia and antihyperalgesia effects
of ceftriaxone 1n treatment of chronic

neuropathic pain in rats

Hajhashemi V, Hosseinzadeh H, Amin B. Antiallodynia and
antihyperalgesia effects of ceftriaxone in treatment of chronic neuropathic
pain in rats.

Objective: Neuropathic pain is a chronic and disabling syndrome with
complex pathogenesis. It has been suggested that the function of glutamate
transporters (GLTs) has a major role in the development of neuropathic
pain. This study was performed to evaluate various doses of ceftriaxone, a
beta-lactam antibiotic, on the symptoms in the rat chronic constriction
injury (CCI) model of neuropathic pain. This drug has been recently
introduced as a selective up-regulator and activator of GLT].

Methods: Neuropathy was induced in adult male Wistar rats and animals
were treated intraperitoneally with 100—-400 mg/kg of ceftriaxone for
seven consecutive days immediately after surgery. Gabapentin (100 mg/kg,
i.p.) was used as a reference drug. von Frey filaments, acetone drop and
radiant heat methods were used to assess mechanical allodynia, thermal
allodynia and thermal hyperalgesia, respectively.

Results: Ceftriaxone in the repeated doses for 7 days showed significant
antiallodynic and antihyperalgesic effects especially at a dose of

200 mg/kg twice a day.

Conclusion: The results suggest that ceftriaxone as a modulator of
glutamate uptake could provide beneficial effects in the treatment of
chronic neuropathic pain, especially allodynia that is less sensitive to the
most available drugs.

Significant outcomes

Valiollah Hajhashemi'?,
Hossein Hosseinzadeh?,
Bahareh Amin?

!Isfahan Pharmaceutical Sciences Research Center,
School of Pharmacy and Pharmaceutical Sciences,
Isfahan University of Medical Sciences, Isfahan,
Iran; ZDepartment of Pharmacology, School of
Pharmacy and Pharmaceutical Sciences, Isfahan
University of Medical Sciences, Isfahan, Iran; and
3Pharmaceutical Research Center, Pharmacodynamy
and Toxicology Department, School of Pharmacy,
Mashhad University of Medical Sciences, Mashhad,
IR Iran

Keywords: allodynia; ceftriaxone; hyperalgesia;
neuropathic pain

Bahareh Amin, Department of Pharmacology,
School of Pharmacy and Pharmaceutical Sciences,
Isfahan University of Medical Sciences,

Isfahan, Iran.

Tel: +983117922630;

Fax: +983116680011;

E-mail: b_amin@pharm.mui.ac.ir

Accepted for publication February 8, 2012

o Ceftriaxone especially with dose of 200 mg/kg twice a day had a considerable antiallodynic and

antihyperalgesic activity in neuropathic pain.
o Compared with hyperalgesia, allodynia is more attenuated.

o This drug could be a novel and promising pharmacological approach in neuropathic pain treatment.

Limitations

o Widespread use of antibiotics can lead to microbial resistance in communities.
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Introduction

Chronic neuropathic pain is a specific pain syndrome
which is manifested with continuous pain and two
hallmarks of increasing response to noxious stimuli
(hyperalgesia) as well as nociceptive response to non-
noxious stimuli (allodynia). These hallmarks are rou-
tinely observed in neuropathic patients and relevant
animal models. This kind of pain arises from vari-
ous conditions including a primary nerve injury or a
disease that leads to triggering a cascade of patho-
logical changes (1). Some common types of nerve
damage that may give rise to neuropathy include
trauma, nerve compression, surgery, metabolic dis-
eases such as diabetes mellitus, infectious diseases
like herpes zoster and chemotherapy (2,3). Despite
extensive attempts to identify underlying mecha-
nisms of this syndrome and introduce newer phar-
macological strategies, management of neuropathic
pain still remains problematic and disappointing. Up
to now there is limited satisfaction with the cur-
rent drugs including antidepressants, anticonvulsants,
local anesthetics, antiarrhythmics, non-narcotic and
narcotic analgesics. The reason is that these drugs
have undesirable adverse reactions and low efficacy
in most of conditions. Hence, treatment of neuro-
pathic patients is still an ongoing challenge in clinical
research for finding better therapeutic targets (4,5).
One of the important aspects of poor response to
available drugs is inadequate information regarding
to the mechanisms involved in induction of neu-
ropathic pain. Various neurotransmitters and medi-
ators including cytokines, chemokines, eicosanoids,
bradykinins, serotonin and glutamate are involved in
this syndrome and their interactions are still to be
determined (6—10).

Glutamate an important excitatory neurotransmit-
ter in extracellular space is responsible for normal
brain function. Although, it has an essential role in
excitatory neural circuits such as learning and mem-
ory, excessive amount of this neurotransmitter results
in cell death (excitotoxicity) and a variety of neurode-
generative diseases (11-13). There is no enzyme for
degradation of glutamate after release in extracellu-
lar space, therefore, any malfunctioning in release or
uptake of this neurotransmitter can result in neurotox-
icity. Glutamate transporters (GLTs) that efficiently
pump glutamate into neurons and glia protect neu-
rons from excess exposure to glutamate (14). The
contribution of these transporters in pain modulation
has also been reported previously (15,16).

A recent study carried out on a thousand of
Food and Drug Administration (FDA) approved
drugs has shown that, only beta-lactam family,
most widely used antibiotics, including penicillins
and cephalosporins selectively lead to increase in
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expression and activity of GLT; (17). Another
investigation reported by Hu et al. (18) suggested
an antinociceptive effect of ceftriaxone in the CCI
model of neuropathic pain in Sprague—Dawley
rats (18). Nevertheless, further information is not
available on more behavioural tests. The optimal
antinociceptive dose of this drug has also not been
determined yet. Therefore, this study was undertaken
to evaluate mechanical and thermal antiallodynia as
well as thermal antihyperalgesia of different doses of
ceftriaxone in a CCI model of neuropathic pain in rats
in comparison with gabapentin as a standard drug.

Materials and methods
Animals

Adult male Wistar rats weighing 220-270 g at the
time of surgery were used in this study. These ani-
mals were obtained from the animal house of the
Faculty of Pharmacy, Mashhad University of Med-
ical Sciences, Iran. The animals were housed under
standard environmental conditions (12-h light/dark
cycle at 22° C) and allowed free access to food and
water. All of experiments were done between 08:00
and 13:00 h to prevent fluctuation in response. The
procedures in this study were approved by Isfahan
University of Medical Sciences and conducted in
accordance with the internationally accepted prin-
ciples for laboratory animal use and care (19). All
of the experiments were done by a person who was
blinded to treatment conditions.

Drug administration and experimental design

Ceftriaxone (Jaber Ebne Hayyan Pharmaceutical Co.,
Tehran, Iran) was dissolved in saline solution and
injected at the doses of 100, 150 and 200 mg/kg
(i.p.) once daily and also twice daily for the dose
of 200 mg/kg. Gabapentin was donated by Tehran
Darou Pharmaceutical Co. (Tehran, Iran), dissolved
in saline solution and injected at a dose of 100 mg/kg
(i.p.). Injections of drugs started immediately after
surgery and continued up to 7 days post-surgery.
Drug concentrations were adjusted so that they were
injected at a volume of 1 ml/kg. Control and sham
animals received a similar volume of the saline
solution (1 ml/kg) once daily. Ketamine and xylazine
(Alfasan Pharmaceutical Co., Woerden, Holland)
were injected at the doses of 64 and 1.6 mg/kg (i.p.),
respectively.

Surgery

The experimental model of CCI was chosen as
described previously by Bennett and Xie (20). The
procedure of CCI surgery was performed under


https://doi.org/10.1111/j.1601-5215.2012.00656.x

anesthesia with a combination of ketamine and xy-
lazine with mentioned doses injected intraperito-
neally. At first, an incision was made on the skin
of left hind paw and the proximal and distal parts
of the biceps femoris muscle were separated. Sci-
atic nerve was exposed at the mid-thigh and isolated
from adhering tissues. Four loose ligation of chromic
gut at intervals of 1 mm were made around the sepa-
rated nerve. The muscle and skin were then sutured in
two separate layers with 4-0 silk thread. In the sham
group, the left sciatic nerve of animal was exposed,
but not ligated. Animals with a movement disorder
were excluded from the experiment.

Behavioural tests

All of the behavioural tests were performed 1 day
before surgery (baseline) and 30 min after daily
injection of drugs and vehicle on days 3, 5, 7 and
14 after surgery. Experimenters blind to treatments
performed behavioural testing and analysis.

Mechanical allodynia

To quantify mechanical allodynia, animals were
placed in an elevated transparent plexiglas chamber
with dimensions of 30 x 30 x 30 cm and a wire
mesh floor. They were allowed to acclimate to the
new environment for about 15 min. Once animals
became calm and ended walking and exploration, a
series of von Frey filaments (Steeling, Wood Dale,
IL, USA) with logarithmically increasing stiffness
were used. Log stiffness of the hairs is determined
by logjo (milligrams x 10). These filaments were in
order of the following log-stiffness values (value in
grams is given in parentheses): 3.84 (0.6 g), 4.08
(1g),4.17(1.4¢g),431 (2 g),456 4 g),4.74 (6 g),
4.93 (8 g), 5.07 (10 g), 5.18 (15 g), 5.46 (26 g) and
5.88 (60 g) Mn forces. The filaments were applied
perpendicularly below the middle of plantar hind
paw until a slight buckling occurred. The filaments
were used in an ascending order from weakest to
strongest force and every application was performed
five times with an interval of 5-6 s. If withdrawal
was not observed during trial, next thicker filament
was used and on the contrary a weaker stimulus was
tried (21). Three times withdrawal out of five ones
was considered as a positive response to the force
produced by that filament or the minimum response
threshold.

Thermal allodynia

This stage was performed after 10—15 min of finish-
ing von Frey test. For measuring sensitivity to cold
innocuous stimulus, one drop of acetone was applied
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to plantar surface of animal through wire mesh with a
syringe without touching the skin of animal. This trial
was repeated five times with an interval of 30—-60 s
as described by Choi et al. (22). A response was con-
sidered positive if animal withdrew or shook its hind
paw in response to the acetone drop. The response
was calculated as the percent of paw withdrawal fre-
quency (PWF) with applying this equation: (number
of trials accompanied by brisk foot withdrawal) x
100/(number of total trials).

Thermal hyperalgesia

After that, the acetone test was done, animals
were placed in the plexiglas chambers of plantar
test apparatus (model 37370; Ugo Basile Biological
Instruments, Comerio, Italy) for 15 min to adapt
to the new environment. After ending exploratory
behaviour, the infrared light stimulus was switched
on. Thermal sensitivity was determined by using
hind-paw withdrawal latencies to a movable noxious
radiant heat stimulus aimed under the hind paw of
animal according to Hargreaves’ method (23). The
average of latencies was calculated based on latency
of three or four times hind-paw elevation, after that
the automatic timer was switched off. A cut-off time
was set at 30 s to avoid tissue injury.

Statistical analysis

SPSS software package, version 15 was used for
analysing the data. All data were expressed as
mean = SEM for six to eight rats per group. Para-
metric values were analysed by one-way analysis
of variance followed by Scheffe post hoc test. For
analysing differences in one group before and after
treatment paired 7-test was used. For analysing dif-
ferences between two groups for which the data
were not normally distributed, nonparametric statics
(Mann—Whitney U-test) was used. p-Value less than
0.05 was considered as significant.

Results
Effects on mechanical withdrawal threshold

A pre-surgery test on day O (1 day before surgery)
showed no significant difference in response to von
Frey filaments among animals and almost all of them
tolerated forces up to about 26 and 60 g. Three
days following surgery animals subjected to CCI
surgery and treated with normal saline (NS) (control)
showed progressive increased sensitivity to innocu-
ous mechanical stimulation with von Frey hairs. Most
of the animals withdrew their hind paw, abruptly to
very weak von Frey filaments especially 4, 2, 1.4,
1 and 0.6 g forces. However, sham-operated group
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did not show any significant variation to tactile stim-
ulation pre- and post-surgery during 14 days assess-
ment and differed significantly with control group.
Mechanical withdrawal threshold for control group
was 55 £ 5¢g on day O and 7.7 = 1.3 g on day
7 (p <0.01 by paired t-test). Withdrawal thresh-
old for sham group was 53.2 & 7 and 39.6 = 84 g
on these days, respectively (not significant at p <
0.05 by paired t-test). Ceftriaxone at the dose of
100 mg/kg/i.p. once daily administration for 7 days
had no effect on symptoms of neuropathic pain in
animals. Tactile allodynia after CCI was partially
attenuated by the doses of 150 and 200 mg/kg once
daily on days 5, 7 and 10 after surgery (p < 0.05 and
p < 0.01, respectively), but this effect disappeared
until day 14. Administration of 200 mg/kg of ceftri-
axone twice daily produced a significant alleviation
of tactile allodynia (mechanical withdrawal thresh-
olds on day 7: 14.1 &+ 2.3 g, p < 0.01) very similar
to reference group, gabapentin (mechanical with-
drawal thresholds on day 7: 10.1 £ 1 g, p < 0.01).
This improvement was continued until post-operative
day 14 (Fig. 1).

Effects on thermal withdrawal frequency

Following CCI surgery, animals which received vehi-
cle showed a progressive sensitivity to acetone appli-
cation during the observed period. The PWF reached
from 6.6 £ 1.4% on day O to 86 & 9.9% on day 7.
On the other hand, Sham-operated group remained
unresponsive throughout 14 days observation, which
shows absence of thermal allodynia in this group.
Thermal allodynia appeared in animals treated by
doses of 100 and 150 mg/kg ceftriaxone daily and
there was no difference compared to control group.
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Fig. 1. The effect of various doses of intraperitoneal admin-
istration of ceftriaxone (Cef) on mechanical allodynia caused
by CCI surgery on the left sciatic nerve in rats. Groups of
n = 6-8 animals were chosen. Values are based on mg/kg of
animal weight. Administration of drug was done in day 1 and
continued until day 7. Baseline assessment (day 0). Data were
analysed by nonparametric statics (Mann—Whitney U -test) and
presented as mean + SEM. *p < 0.05, **p < 0.01 versus con-
trol group (CCI + i.p. NS group).
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Fig. 2. The effect of various doses of intraperitoneal admin-
istration of ceftriaxone (Cef) on thermal allodynia induced by
CClI surgery on the left sciatic nerve in rats. Groups of n = 6—8
animals were chosen. Administration of drug was done in day
1 and continued until day 7. Baseline assessment (day 0). Data
were analysed using nonparametric statics (Mann—Whitney
U -test) and presented as mean == SEM. *p < 0.05, **p < 0.01
versus control group (CCI + i.p. NS group).
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Administration of ceftriaxone (200 mg/kg once daily)
slightly attenuated sensitivity to acetone on days 5,
7 and 10 but this effect disappeared by the 14th
day. Nevertheless, animals treated with ceftriaxone
at the dose of 200 mg/kg twice a day revealed no
thermal sensitivity to acetone test as compared to
control group (PWF =36.7£6.1% on day 7, p <
0.01) and this effect was very similar to protec-
tive effect produced by reference drug, gabapentin
(PWF =40+ 5.1% on day 7, p < 0.01). Decreased
sensitivity to acetone stimulus in the two later groups
continued throughout the study (Fig. 2).

Effects on thermal withdrawal latency

A progressive hyperalgesia to thermal stimulus
was seen during the observed period in vehicle-
treated animals following CCI surgery. This latency
decreased from 22.4 + 1.3 s on day O to about
7.8 = 1.3 s on day 7. Sham-operated group did not
show any significant change in withdrawal latency
throughout the observation period. While ceftriax-
one at the doses of 100 and 150 mg/kg once daily
could not prevent thermal hyperalgesia, a dose of
200 mg/kg of this drug partially improved thermal
hyperalgesia (p < 0.05). Ceftriaxone at a dose of
200 mg/kg, given twice daily significantly increased
withdrawal latency to painful thermal stimulus and
this effect was sustained throughout 14 days observa-
tion period. This improvement was as much as what
gabapentin did on thermal hyperalgesia (14.8 £+ 1 s
for ceftriaxone and 16.7 £ 1.3 s for gabapentin on
day 7) (Fig. 3).

Discussion

In this study CCI model of neuropathic pain was
used. This common type of experimental neuropathic
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Fig. 3. The effect of various doses of intraperitoneal adminis-
tration of ceftriaxone (Cef) on thermal hyperalgesia induced by
CCI surgery on the left sciatic nerve in rats. Groups of n = 6—8
animals were chosen. Administration of drugs was done in
day 1 and continued until day 7. Baseline assessment (day 0).
Data are analysed by one-way analysis of variance followed by
Scheffe post hoc test and presented as mean == SEM. *p < 0.05,
**p < 0.01 versus control group (CCI + i.p. NS group).
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pain mimics the clinical condition of chronic nerve
compression such as that occurring in nerve entrap-
ment neuropathy in lumbar disk herniation that
causes spinal root irritation. As mentioned in Intro-
duction section, glutamate has a key role in the patho-
genesis of neuropathic pain (16). On the other hand,
Rothstein et al. reported that beta-lactam antibi-
otics including ceftriaxone selectively promote GLT
expression and function (17). The results of this
study in agreement with those of Hu et al. (18)
showed the beneficial effects of ceftriaxone in neu-
ropathic pain. In this study, ceftriaxone in a range
of doses (100-400 mg/kg) was used. A dose of
400 mg/kg (200 mg/kg twice daily) showed consid-
erable and consistent antiallodynic and antihyperal-
gesic activity, so that its effects remained even for 1
week after discontinuation of the drug (day 14). In
addition to mechanical allodynia which was used by
Hu et al., thermal allodynia (acetone test) was eval-
uated in this study. This test also confirmed antiallo-
dynic activity of ceftriaxone and is being reported for
the first time here. Among the symptoms of neuro-
pathic pain, allodynia, a more pronounced feature of
neuropathic pain, is less sensitive to the most current
drugs (24-26). However, on the basis of our results,
in contrast with Hu et al. observations, it seems
that both mechanical and with lesser extent thermal
allodynia are more attenuated with ceftriaxone com-
pared with hyperalgesia suggesting more association
and dependency of these symptoms with function of
GLTs in the central nervous system. The differences
between our results and the previous study (18) may
be due to different animal species and experimental
conditions.

Although some antibiotics have been used for
non-infectious diseases [e.g. demeclocycline for
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inappropriate antidiuretic hormone syndrome (27)],
it seems that widespread use of antibiotics can lead
to microbial resistance in communities. However,
by designing structure-activity studies, it is possible
to provide compounds with little or no antimicro-
bial effect while preserving GLT; gene activation.
The findings in this study clearly show that cef-
triaxone can be included in treatment protocols of
neuropathic pain. As oetiology of neuropathic pain
is very complex and many mediators are involved in
its development, several investigators have attempted
combination therapy instead of administering a single
drug (28,29).

In this regard ceftriaxone has the potential to be
selected as one of the useful drugs in combina-
tion therapy. In conclusion, administration of this
interesting drug in forthcoming clinical researches
can result in finding novel and promising pharma-
cological treatments in neuropathic pain and other
glutamate-dependent diseases.
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