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ABSTRACT
PURPOSE: To evaluate the effect of ketamine S (+) 5% with no preservatives and administered as a subarachnoid single puncture on 
the spinal cord and meninges of rabbits.
METHODS: Twenty young adult female rabbits, each weighing 3500-5000 g and having a spine length between 34 and 38 cm, were 
divided by lot into two groups (G): 0.9% saline in G1 and ketamine S (+) 5% in G2, by volume of 5 μg per cm column (0.18 mL). 
After intravenous anaesthesia with ketamine and xylazine, the subarachnoid space was punctured at S1-S2 under ultrasound guidance, 
and a random solution was injected. The animals remained in captivity for 21 days under medical observation and were sacrificed by 
decapitation. The lumbosacral spinal cord portion was removed for immunohistochemistry to assess the glial fibrillary acidic protein 
(GFAP), and histology was assessed using hematoxylin and eosin (HE) stain.
RESULTS: No histological lesions were found in the nervous tissue (roots and cord) or meninges in either group.
CONCLUSION: The ketamine S (+) 5% unpreserved triggered no neurological or histological lesions in the spinal cord or meninges 
of rabbits.
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Introduction

The initial sequence of events preceding any painful 
phenomenon is the transformation of aggressive stimuli into 
action potentials by nociceptors, which transfer the stimuli from 
the peripheral nerve fibres to the central nervous system1.

Specific pain receptors, known as nociceptors, are 
located in the nerve endings of the delta and C fibres, the latter 
of which are responsible for 70% to 80% of sensory afferent 
signal transduction. Nociceptors are found in superficial skin 
structures and the walls of the viscera and blood vessels in the 
musculoskeletal system; at different locations, they are capable of 
transmitting pain stimuli at different speeds. In addition, the nerve 
endings of nociceptive A delta and C fibres are able to respond to 
inflammatory mediators and to mechanical, thermal and chemical 
stimuli. Thus, such assaults on the transmission of translated 
electrical stimuli to the central nervous system are interpreted in 
the cerebral cortex as pain2.

The sensitisation of nociceptors occurs by decreasing 
their excitability threshold3 due to the release of known antigenic 
chemicals that are present in the tissue environment4, including 
bradykinin, acetylcholine, prostaglandins, histamine, serotonin, 
substance P, leukotrienes, platelet activating factor, acid radicals, 
potassium ions, thromboxanes, interleukins and tumour necrosis 
factor2 among others. Nociceptors can also be sensitised by 
noradrenergic influences from the sympathetic efferent nerves and 
by the retrograde release of neurotransmitters from nerve fibres1.

The release of these neurotransmitters in the spinal cord 
generates excitatory postsynaptic potentials, which can be slow 
(conducted by C fibres ) or fast ( conducted by A delta fibres ), 
and activates specific receptors, including those involved in the 
mechanisms of action of such amino acids as N-methyl-D-aspartate 
(NMDA) receptors. These receptors are activated by glutamate 
and substance P, which in turn are modulated by promoting the 
increase in intracellular calcium and magnesium ion removal from 
inside the receptors. This action results in the amplification and 
prolongation of the response to painful stimuli5,6.

The activation of NMDA receptors is the main mechanism 
of the sensitisation of the dorsal horn of the spinal cord, a process 
characterised by spontaneous activity. If the threshold is decreased 
or increased in its response to afferent impulses, prolonged 
discharges after repeated stimulation and expansions of receptive 
fields of spinal cord neurons can occur.

Ketamine, an anaesthetic agent that has been used for 
approximately forty years, is a derivative of phencyclidine and 
produces amnesia, dissociative anaesthesia and analgesia. It has 

been used in anaesthesia since 1970. Initially, it was synthesised as 
a racemic mixture. In the 1990s, ketamine S ( + ) was made to have 
four times the stereo selectivity of NMDA receptors; thus, it has 
greater analgesic and anaesthetic potency and fewer side effects, 
allowing its use as an adjuvant in anaesthesia7,8.

The mechanisms of action of ketamine include a 
competitive blockade of NMDA receptors, a non-competitive 
blockade of the glutamate NMDA receptors and interactions with 
opioid receptors, both spinal and supra segmental. Its methods of 
administration include intradermal, subcutaneous, intramuscular, 
intravenous, rectal, intranasal, oral, epidural and spinal7,8.

In the subarachnoid route, ketamine is used to treat cancer 
and neuropathic pain9-11. Despite the present considerable clinical 
experience with ketamine, controversy lingers regarding the safety 
of ketamine administered in the subarachnoid route12. This is due 
to the potential toxicity of the agent’s inclusion of preservatives 
(such as benzethonium chloride and chlorobutanol13-15).

The aim of this study was to evaluate the effect of 
ketamine S (+) 5%, without preservatives and administered by 
an intrathecal route in a single puncture, on the spinal cord and 
meninges of rabbits.

Methods

After approval from the Ethics Committee on Animal 
Experimentation of the Faculty of Medicine of Botucatu (Protocol 
801), 20 young adult female rabbits from the breed Genetic Group 
Botucatu, each of which weighed between 3,500 grams and 5000 
grams and had a spinal column length between 34 and 38 cm, were 
supplied by the animal colony of the Campus of Botucatu. 

During the selection process, animals were excluded if 
they lacked a healthy appearance or required more than one spinal 
puncture. The animals were divided into two experimental groups, 
with 10 animals in each group. Each was subjected initially to 
intravenous anaesthesia with ketamine and xylazine and then to 
the spinal puncture. The groups differed by the type of solution 
administered, with group 1 (G1) receiving the volume control of 
saline, 0.9%, and group 2 (G2), the drug control of unpreserved 
ketamine S 5%.

In rabbits, the approach to the subarachnoid space 
between the vertebrae S1 and S2 is ample. To identify this space 
and to determine the site of the local spinal puncture, the iliac crests 
should first be palpated. Then, identifying the spinous process of 
the first sacral vertebra, a finger should be glided 1.5 cm to 2 cm in 
the caudal direction. The space of S1 - S2 is located 1 cm caudal to 
the spinous process of the first sacral vertebra.
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The spinal block was guided by ultrasound imaging with 
a SonoSite brand apparatus (USA), model M -Turbo, which has 
the feature of wall tissue Doppler (TDI). A micro-linear transducer 
was used at a frequency of six to 13 MHz. Dural punctures were 
performed with a Quincke needle of 22G 11/2 using a medial 
approach and a tilt angle of approximately 45°. The needle was 
slowly introduced in the cephalic direction under ultrasound 
guidance even penetrating the subarachnoid space. After entering 
the subarachnoid space, the animals in G1 and G2 received their 
respective solutions. Any difficulties encountered in performing 
the punctures were recorded.

The animals were given 5 μl per centimetre of their 
spinal cord (0.2 ml), which was injected in 1 second using a 1 ml 
disposable syringe. The doses of 0.9% saline (Group 1) and 10 mg 
of S 5% ketamine without preservatives (G2) were synthesised by 
Cristália solutions.

After the injection of either solution into the spinal 
puncture site, the animals were removed from the operating table. 
When they had recovered from intravenous anaesthesia, they were 
assessed clinically as to their motor blockade and soreness. Their 
motor blocks were assessed by clinical observation, according 
to the criteria established by Drummond and Moore16 on the 
following scale: 0-free movement of the lower extremities; 1 - 
asymmetry and limitations sustaining the body, including potential 
changes in the lower extremities; 2 - inability to sustain the body 
in the lower extremities; and 3 - paralysis of the lower extremities. 
Next, the pain sensitivity was evaluated by gripping the lower and 
upper extremities, the ears and the skin in the regions of the sacral, 
lumbar, and thoracic dermatomes with the aid of rat tooth forceps.

The animals remained in captivity for 21 days under 
clinical observation. Motor changes were verified using the criteria 
of Drummond and Moore16. Their soreness was assessed by 
observing the following signs, indicative of pain: paw retraction, 
changes in posture and grunting after the application of painful 
stimuli, as described above.

The animals were euthanised by decapitation after 
previous intravenous anaesthesia with sodium pentobarbital. The 
lumbar and sacral portions of the spinal cord, along with the roots 
and meninges, were removed in less than 3 minutes to minimise 
the risk of tissue damage triggered by ischemia and apoptosis. The 
medullary tissue, roots and meninges were fixed in 10% formalin 
solution for histological and immunohistochemical examination.

The specimens remained in the formalin solution for 
seven days. Transverse sections of the nervous tissue and meninges 
were started approximately ten inches above the point where the 
spinal puncture was performed and were continued at intervals of 

half a centimetre. The tissue slices were placed in paraffin blocks 
and stained with hematoxylin-eosin (HE) and glial fibrillary acidic 
protein (GFAP).

The GFAP-stained samples embedded in paraffin were 
sectioned at a thickness of 3 microns on a rotary microtome for 
immunohistochemistry and extended onto histological glass slides 
previously treated with organosilane. After 18 hours in an oven at 
58°C, the slides were deparaffinised with xylene, three wells at 
a time, after spending 5 min in each tank. Thus, the slides were 
placed in four tanks with absolute ethanol for 5 minutes each 
before their hydration in running distilled water.

Results

The statistical analysis of the figures for the weight of 
the animals in group 1 was lower than in group 2 (p = 0.02). There 
was homogeneity between the groups with respect to the length of 
the spine (p = 1.0) and the volume of solution administered (p = 
0.67) (Table 1).

Group 1 Group 2
Weight (g) 3860 ± 259 4410 ± 515*
Column length (cm) 36.2 ± 1.5 36.2 ± 0.6
Administered volume (ml) 1.8 ± 0.1 1.8 ± 0.03

TABLE 1 - Weight (kg), column length (cm) and administered 
volume (ml) in the animals belonging to the two groups. The results are 
expressed as the means and standard deviations.

No animals were excluded from the experiment due to 
difficulties performing the puncture or death during the period 
of captivity. The recovery time from the intravenous anaesthesia 
was approximately 30 minutes, after which all of the animals 
demonstrated preserved motor function and pain sensitivity. The 
animals remained clinically normal during their captivity. No 
animals in either group showed histological changes in the nerve 
tissues within the meninges or vessels (Figures 1 to 5) based on 
optical microscopy.

The groups were similar regarding the percentage of 
labelled cells in the posterior horn marked by GFAP (p = 0.48). 
The median percentage of cells in the control group was 42%, with 
quartiles at 39% and 45%; in the ketamine group, the median was 
43%, with quartiles at 41% and 45% (Figure 1). 
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FIGURE 1 - Box-Plot of the median and 1st and 3rd quartiles of the percentage of cells in the nervous tissue marked by GFAP.

FIGURE 2 - Nervous tissue (A), blood vessels (B), and meninges (C), all 
normal. HE x40. Group 1.

FIGURE 3 - Nerve tissue, normal blood vessels and meninges. GFAP 
x40. Group 1.

FIGURE 4 - Nerve tissue, normal blood vessels and meninges. HE x40. 
Group 2.

FIGURE 5 - Nerve tissue, normal blood vessels and meninges. GFAP 
x40. Group 2. 
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Discussion

In the study of neurotoxicity in living animals, the 
identification of the optimal positioning of the needle in the 
subarachnoid space is fundamental to the reliability of the results 
obtained. However, this fact excludes the possibility that trauma to 
the nervous tissue, blood vessel damage or intraneural injections of 
the solution may be responsible for assaulting the nervous tissue.

The use of ultrasound in regional anaesthesia has 
facilitated the implementation of anaesthetic techniques, which 
allow for better visibility of the structures to be addressed (nerves) 
and of the adjacent blood vessels, lungs and pleura. The adoption of 
this practice has supported proper needle positioning to avoid nerve 
injuries and intravascular injections of local anaesthetics due to the 
capacity to observe the dispersion area of the injected solution17.

Thus, using ultrasound to guide the puncture sites in 
this study, we were able to visualise the subarachnoid space and 
dispersion of the solution administered, thereby confirming that 
the puncturing technique did not cause any possible changes in the 
tissues of the nerve cord and meninges.

Glial activation has been widely studied due to its role 
in the injury and repair of the central nervous system (CNS). It 
has long been recognised that microglial responses to most forms 
of CNS damage can be considered an early indicator of latent 
disease. Microglial activation involves a stereotypical pattern 
of cellular responses, including proliferation, recruitment at the 
site of injury and increased expression of immune molecules18. 
Astrocytes are among the first cells that respond to CNS injury. 
The hypertrophy and, to a lesser extent, proliferation of astrocytes 
are the first observed responses. Astrocytes increase in size 
because they contain large quantities of cytoplasmic organelles 
and, in particular, large amounts of GFAP19. There is evidence 
that microglia can directly contribute to or exacerbate neuronal 
degeneration20,21. Therefore, the measurement of GFAP was used 
as an early marker of nerve injury22.

It has been described that repeated doses of ketamine 
(S) can lead to excessive NMDA receptor antagonism. This 
antagonism can produce neurotoxicity due to the resultant 
inactivation of inhibitory mechanisms (involving blockade of 
the NMDA receptors in the interneuronal space, as mediated 
by y-amino butyric acid, which is in turn responsible for the 
inhibition of the tonic excitatory pathways) and the cellular 
necrosis and apoptosis that arises after such excitotoxic lesions23. 
In addition, prolonged NMDA receptor antagonism prevents the 
activation of the endogenous mechanisms for neuronal survival 
and regeneration24.

In dogs receiving a dose of 1 mg.kg-1 of 0.6 % to 1.5 % 
ketamine S ( + ) with no preservatives and through a subarachnoid 
route, no histological changes were found by optical microscopy 
in the spinal nerve tissue and meninges after 21 days25. However, 
other authors with similar methodologies and model animals have 
obtained different results26. After the subarachnoid injection of 
lower doses of preservative-free ketamine S ( + ) ( 0.5 mg.kg -1 and 
0.7 mg.kg -1), another study reported gliosis, axonal edema, central 
chromatolysis, lymphocytic infiltration, axonal degeneration, 
vasculitis, and thickening of the dura mater. Traumatic punctures 
were also observed in five dogs, although the authors did not 
specify to which group the animals belonged or what percentage 
of the histological field was compromised by damage to the nerve 
tissue and meninges.

In recent years, related experimental research has been 
published on rat models. These studies found ischemia of the spinal 
cord after the subarachnoid injection of ketamine S ( + ); this result 
suggests neuroprotective benefits for the treatment. It is possible 
that these effects could be further strengthened by combining 
these injections with corticosteroids in similar situations to those 
described above27.

Although the results of this study suggest that 
administration of a single dose of ketamine S (+) without 
preservatives in the subarachnoid space of rabbits does not 
trigger lesions in the spinal nerve tissue and meninges, there is no 
consensus on this topic. Therefore, further studies are needed to 
elucidate this issue.

Conclusion 

This rabbit experimental model of ketamine S (+) 5%, 
with no preservatives and administered in the subarachnoid space 
in a single dose, did not induce histological changes within the 
nervous tissue or the meninges.
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