
Neurolytic effects of ampicillin on the rat infraorbital nerve

Nikola Saulacic
1
, Tommaso Lombardi

2
, Ljiljana Stojcev-Stajcic

3
, Tateyuki Iizuka

1
, Zoran Stajcic

4

1Department of Cranio-Maxillofacial Surgery, University Hospital, Bern, Switzerland; 2Division of Stomatology, Laboratory of Oral
and Maxillofacial Pathology, University of Geneva, Geneva, Switzerland; 3Clinic of Oral Surgery, Faculty of Stomatology, University
of Belgrade, Serbia; 4Dental ⁄Medical Center for Maxillofacial Surgery �Beograd-centar’, Belgrade, Serbia

PURPOSE: The aim of this study was to investigate the

histomorphological changes of the infraorbital nerve of

rats treated with ampicillin.

MATERIALS AND METHODS: The infraorbital nerve

was approached through the infraorbital foramen, and

0.01 ml of ampicillin dissolved in distilled water was

injected taking care not to damage the nerve. Saline

solution was used in control animals. Nerves were dis-

sected and after routine histology processing analysed by

light microscopy.

RESULTS: Cross-section of the nerve treated with

ampicillin showed damaged axons with disintegration of

heavily myelinated fibres, while thinly myelinated fibres

remain unaffected. In the saline group, no damage was

observed. The signs of regeneration of the damaged

infraorbital nerves were detected on the fourth post-

operative week.

CONCLUSION: Ampicillin can cause peripheral nerve

damage when injected perineurally.
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Introduction

Administration of various substances has been demon-
strated to reduce the pain-related behaviour after nerve
transection in rats. Autotomy phenomenon has been
first produced in rodents by axotomy of the sciatic and
the saphenous nerves (1). On the nerve stump, neuroma
is formed that sends painful impulses to the CNS. As a
result of this, animals mutilate the denervated foot. The
degree of autotomy is scored from low to high level of
mutilation.
Different strategies have been developed to reduce

the injury-related pain in the peripheral nerve system.

Subcutaneous application of oestrogen (2) or testoster-
one (3), as well as oral administration of Ralfinamide
(a-aminoamide derivate) (4), delayed autotomy onset
and reduced severity of autotomy scores in peripheral
nerve injury rat models. The local administration of
myelin-derived inhibitors (Nogo-66 axon growth-inhib-
iting peptide) significantly lowered the autotomy scores
(5). Nerve growth factor decreases the occurrence of
autotomy (6), without obvious histological changes
observed (7). The emergence of nouvelle biological
approaches may offer powerful therapeutic alternative,
but mechanistic details are still lacking (8).

It has been previously reported that alcohol, glyc-
erol (9) or even antibiotics (10–12) can decrease or
prevent autotomy phenomenon in rodents. A single
dose of glycerol causes a significant reduction in
autotomy behaviour in rats and is more effective than
alcohol (9). Streptomycin injected into the polyethyl-
ene tube around the neuroma suppressed autotomy
scores up to 8 weeks (12). It has been histologically
confirmed that substances such as alcohol (13, 14),
glycerol (14–18) and streptomycin (19) possess neur-
olytic properties that were suggested as responsible for
the anti-autotomy activity. Nevertheless, neurolysis is
not necessarily required to decrease the autotomy
onset (7).

It is to be expected that the peripheral afferents
blocking would reduce the autotomy phenomenon
regardless of the changes in the central nervous system.
The peripheral alcohol and glycerol injections are
reasonably effective in the management of trigeminal
neuralgia (20–23), but demonstrate no substantial ben-
efit over other established gangion-level procedures (24).
It has been further demonstrated that some antibiotics
combined with anaesthetics can relieve pain in the
cranio-facial region (25, 26). Still, there is no ready
explanation for the mode of action of amoxycillin and
ampicillin in prevention of autotomy nor is it known
whether they can damage the peripheral nerve when
injected perineurally.

The aim of the present study was to investigate the
effects of injected ampicillin on the infraorbital nerve of
rats.
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Materials and methods

This study was conducted in concordance with the
guidelines of the Ethics Committee of the International
Association for the Study of Pain. An official approval
was obtained from the Ethical Committee, Faculty of
Stomatology, University of Belgrade, Serbia.

Twenty-four albino rats of Wistar strain, of both
sexes, weighing between 200 and 300 g were used for the
experiment. Of those, 18 rats were treated with ampi-
cillin (0.5 g dissolved in 1 ml of distilled water, Pent-
rexyl�; ICN Galenika , Belgrade, Serbia), and six served
as control where sterile saline was injected. The animals
were anaesthetised with Nembutal 1 ml ⁄ kg adminis-
tered via an intraperitoneal injection. 0.01 ml of inves-
tigated substances was injected using the 27-gauge
needle and tuberculin syringe 1–2 mm into the infraor-
bital foramen that was exposed surgically. Care was
taken to avoid intraneural injection. The needle was
kept in place for 1 min to prevent a leakage of the
injected substance. Animals were housed in groups of
three under standard colony conditions with regard to
feeding, day and night cycle and temperature.

At the end of the observation period, animals were
killed by aetherisation. Six animals treated with ampi-
cillin were killed 1, 3 and 4 weeks following the
procedure. All control rats were sacrificed on the first
post-operative week. The infraorbital nerve 1 cm in
length was dissected out and divided into two equal
parts. The distal part to be used for analysis was
immediately immersed in 4% buffered glutaraldehyde.
The tissue was then prepared for histological examina-
tion. The specimens were post-fixed with 1% osmic acid,
dehydrated with the series of graded ethanol and

embedded in Epon. The semi-thin cross-sections were
stained with toluidine blue or paraphenylene and
examined by light microscopy.

Results

Morphological changes of the infraorbital nerve treated
with ampicillin were found in 13 of 18 specimens. In the
saline-treated group, normal morphological nervous
structure was observed in all nerves (Fig. 1A).

First experimental week
Heavily myelinated fibres were mostly affected. Swelling
and disintegration of myelin sheaths were a constant
finding. As a result of this, round or oval globules were
present. Most of the destroyed nerve fibres were
replaced by macrophages with lipid droplets and Schw-
ann cells containing disintegrated myelin. Histopatho-
logical changes were evenly distributed in most of the
nerve bundles. Lamellated myelin sheath debris was
transformed into amorphous globular lipid. Extensive
myelin breakdown was detected in toluidine blue
sections by foamy macrophages (Fig. 1B). Small-sized
myelinated fibres were mainly preserved, while features
of mechanical damage were also occasionally present.

Third experimental week
Gross demyelinisation and axonolysis were present with
myelin debris detected in Schwann cells and in foamy
macrophages. Globular lipid droplets were observed in
the severed nerves. Specimens stained with paraphenilen
showed macrophages with disintegrated debris and
proliferating Schwann cells that were grouped into the
bands of Büngner (Fig. 1C). In those bands, myelinated
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Figure 1 Cross-section of the infraorbital nerve. (A) 1 week following the injection of saline: normal morphological findings (toluidine blue 400:1).
(B) 1 week following the injection of ampicillin: destructive changes evenly distributed involving heavily myelinated axons. Macrophages
containing lipid droplets are present (arrow) (toluidine blue 400:1). (C) 3 weeks following the application of ampicillin. Small-sized myelinated
axons are non-affected (arrowhead), whereas large axons are replaced by bands of Büngner (arrow) as an early sign of regeneration (paraphenilene
400:1). (D) 4 weeks following the application of ampicillin. Signs of regeneration are present in one part of the nerve bundle represented by young
axons surrounded by the thin myelin sheaths (arrow) (paraphenilene 400:1).
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fibres with very thin myelin were detected. Small-sized
myelinated fibres were unaffected.

Fourth experimental week
A significant axonal damage was still present. Both axon
and myelin debris were largely broken down in cyto-
plasmic lysosomal vacuoles within the Schwann cells. In
half of the specimens, destructive changes were less
conspicuous, and nerve fibres undergoing regeneration
were surrounded by thin myelin sheaths (Fig. 1D). The
features of regeneration were observed as the presence
of clusters of 3–4 small myelinated fibres surrounded by
the thin myelin sheaths on the fourth post-operative
week.

Discussion

Surgical treatment of trigeminal neuralgia was suggested
for patients who fail to respond to first-line medical
therapy (27). A number of procedures have been
proposed, but these are mainly neurodestructive, and
none of them can produce a long-term pain relief.
Peripheral procedures should be reserved for patients
who have failed medical management or for patients
with malignant pain (22–24). Local anaesthetics with
streptomycin have demonstrated certain magnitude of
effects on severity or frequency of pain (25–28). Besides
the reduced autotomy score in rats (10, 11), it is
questionable whether the local anaethetics combined
with ampicillin would be more effective in the treatment
of trigeminal neuralgia than anaesthetics alone (29).
In the present study, it was shown that ampicillin

when injected perineurally can cause histopathological
changes. Injection of ampicillin results in disintegration
of the myelinated axons. Different degrees of axonal
damage were detected ranging from mild swelling of
myelin to complete destruction leading to the absence of
lipid droplets. Depletion of Schwann cells may lead to
depressed secretion of macrophage chemoattractant
protein-1 (30). The macrophage recruitment occurs
more intensively after perineural, then intraneural
injections, possibly due to the less destructive endoneur-
ial changes (31). Histopathological changes following
ampicillin injection were mainly restricted to heavily
myelinated axons.
It appears that neural damage caused by application

of ampicillin is different from that reported for glycerol,
described involving the periphery of the nerve bundle
(14, 16–18). The perineurium can modify the effects of
substances injected perineurally (32). Nerve fibres
affected by ampicillin were evenly distributed in most
of the nerve bundles, as it has been previously observed
for alcohol (13), phenol (18) and strepromycin (19). It
can be only speculated that hypertonicity of investigated
substances might be responsible for axonal damage.
It has been reported that hypertonic solutions can

cause nerve damages such as shrinkage of axons,
swelling and fragmentation of myelin (33) mainly
because axons contain 90% water. For the present
experiment, highly concentrated (2.83 osm ⁄ l) solution
was used. Furthermore, it has been shown that low

graded glycerol (<50%) does not affect nerve morphol-
ogy (14). In contrast to streptomycin where both heavily
and thinly myelinated fibres were affected (19), ampicil-
lin in the present study caused the desintegration of
heavily myelinated fibres. Taking into consideration
different pattern of morphological changes caused by
ampicillin, glycerol or alcohol, it is possible that the
factors other than hypertonicity might be responsible for
the neurolytic effects. The selective effect on large
myelinised fibres has been demonstrated for certain
substances (34–36), but we do not have ready explana-
tion for selective neurolytic properties of ampicillin.

The advantage of perineural injection of phenol and
glycerol is the preservation of the basal lamina that
provides endoneurial continuity (32). The onset of
regeneration of the damaged axons was corresponding
to the finding for streptomycin (19). As bands of
Büngner cannot be stained by toluidine blue, paraphe-
nilene stain technique was used for this purpose. Early
signs of regeneration represented by these bands were
noted on the third post-operative week. Regenerative
axonal sprouts after glycerol injection may be seen by
electron microscopy already at 1 and 2 weeks, although
the positively stained targets may indicate axonal
sprouts first at 4 weeks (37); the residual morphological
changes following neural damage can be observed even
after 6 months.

Peripheral surgical treatments are easy to perform,
well tolerated, with relatively few serious complications,
but have limited duration of action. For certain group of
patients, repeatability of the treatment may become an
important issue. With regard to suppression of autot-
omy following the application of ampicillin (10, 11), it
seems that the described neurolytic property may be
responsible for the reduced autotomy. This experiment
showed that ampicillin could affect heavy myelinated,
but not thin myelinated nerves. Selective depression of
large and small fibres may be valuable towards new
therapies (8). Still, painful impulse from small fibres can
cause pain that can restrain the use of ampicillin in the
management of trigeminal neuralgia.
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