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Neurotoxic Effects of Ketamine and
Different Doses of Ropivacaine

Administered Intrathecally in Rabbits

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Although a variety of anesthetic medicines are used intrathecally, experi-
mental neurotoxic studies on these drugs are not sufficient. In our study, we used immunocyto-
chemical examination to assess the neurotoxic potential of ketamine and different doses of
ropivacaine administered intrathecally. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: Thirty rabbits were divided into
five groups which were inserted spinal catheters under anesthesia. Each group received in a volume
of 0.3 ml, as follows: the R0.2 group received 0.2% ropivacaine, the R0.75 group received 0.75%
ropivacaine, the R1 group received 1.0% ropivacaine, the K group received preservative-free S (+)
ketamine and the C group received 0.9% NaCl. The onset and duration of action were recorded by
using Motor Dysfunction Index (MDI). Rabbits were observed for five days and then euthanasized.
After catheters were removed, brains and spinal tissue samples were evaluated by light microscopy
and immunocytochemical examination. RRee  ssuullttss::  The longest onset of action was observed in the K
group. Among the ropivacaine groups, the onset of action diminished and the duration of action ex-
tended with an increase in dose significantly. There was axonal degeneration in the R1 group, but
this finding not reach significance. In the ketamine group, significant neuronal degeneration and
reduction in number of neurons in the brain sections were observed . In the 1% ropivacaine group,
a relative increase in neurofilament intensity was detected using immunocytochemical assessments
in the medulla spinalis and brain sections. CCoonncc  lluu  ssii  oonn::  The intrathecal applications of 1% ropiva-
caine and ketamine can induce neurotoxic damage, despite a lack of observed functional neuro-
logic deficits. 

KKeeyy  WWoorrddss::  Ro pi va ca i ne; ke ta mi ne; in jec ti ons, spi nal    

ÖÖZZEETT  AAmmaaçç:: İntratekal olarak uygulanan anestezik ilaçların çeşitliliğine karşın, bu ilaçların de-
neysel nörotoksik çalışmaları yeterli değildir. Çalışmamızda, intratekal olarak verilen ketamin ve
farklı dozlardaki ropivakainin nörotoksik potansiyelini immunohistokimyasal olarak değerlendir-
meyi amaçladık. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Anestetize edilerek spinal kateter yerleştirilmiş 30 tavşan 5
gruba ayrıldı. Grup R0.2’de ropivakain %0,2, grup R0.75’de ropivakain %0,75, grup R1’de ropiva-
kain %1,0, grup K’de preservative-free S (+) ketamin ve grup C’de %0,9 NaCl 0,3 ml volümde spi-
nal kateterden uygulandı. Etki başlangıç zamanı ve etki süreleri Motor Dysfunction Index (MDI)
kullanılarak kaydedildi. Tavşanlar 5 gün gözlendikten sonra ötenazi uygulandı. Kateterler çıkar-
ılarak beyin ve spinal doku örnekleri ışık mikroskopisi ve immunohistokimyasal metodla değer-
lendirildi. BBuull  gguu  llaarr::  En uzun etki başlangıcı grup K’de gözlemlendi. Ropivakain grupları içinde doz
artışı ile birlikte etki başlangıç süreleri kısalarak, etki süreleri uzamış olarak tespit edildi. Grup
R1’de aksonal degenerasyon gözlenmesine karşın istatistiksel anlamlılık bulunmadı, ketamin gru-
bunda ise beyin kesitlerinde istatistiksel anlamlı olarak nöronal degenerasyon ve nöron sayısında
azalma gözlendi. İmmunohistokimyasal değerlendirmede, medulla spinalis ve beyin kesitlerinde
nörofilament yoğunluğunun, grup R1’de göreceli olarak artmış olduğu görüldü. SSoo  nnuuçç::  İntratekal
uygulanan ropivakain %1 ve ketamin, fonksiyonel nörolojik hasar gözlenmeksizin nörotoksik ha-
sarlanmaya sebep olabilir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Ro pi va ka in; ke ta min; en jek si yon lar, spi nal       
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n order to achieve a systemic neuroaxial block,
it is most desirable to use local anesthetics that
have a long duration of action without local

side effects. Ropivacaine, an aminoamide local
anesthetic, is thought to be a reasonable alternative
to bupivacaine because it is less cardiotoxic.1 Ropi-
vacaine has the least affect on motor nerve con-
duction when intrathecally administered.2 The
anesthetic agent, ketamine, is a phencyclidine de-
rivative that has been used since the 1960s.3 The
local anesthetic effect of ketamine is due to the
non-competetive antagonism of the opioid and the
N-methyl D-aspartate receptors.4 The usefulness of
intrathecal ketamine in human and animal studies
has been reported with differing results.5-8

Although a variety of anesthetic medicines are
used intrathecally on a daily basis, experimental
neurotoxic studies on these drugs are not sufficient,
and contradictory results have been reported.9-12 In
order to increase the safety of clinical practices,
there is a need for more experimental studies eval-
uating the neurotoxic effects of anesthetics, with-
out the need for clinical feedback. 

Neurofilaments (NF) are thought to serve pri-
marily as structural components in the neuron, but
they also play a fundamental role in axonal trans-
port. NF and tubulin are cellular proteins that are
of vital importance in maintaining the structural
integrity and function of the neuron.13 Axonal NF
accumulation, rather than perikaryal accumula-
tion, is thought to be toxic for neurons, provoking
axonal degeneration.14

In this study, we used immunocytochemical
methods to detect NF changes, histochemical
analysis to assess neuron health, and clinical eval-
uation to assess the functional neurotoxic potential
of ropivacaine and ketamine in intrathecally in-
jected rabbits. In addition, we tested the use and
presentation of ropivacaine in variable concentra-
tions. 

MATERIAL AND METHODS

This study was approved by the Duzce University,
School of Medicine Ethics Committee on Animal
Experiments.

EXPERIMENTAL DESIGN

Animal rights are protected in this study, 30 female
albinos New Zealand rabbits weighing 2.5 ± 0.5 kg
received spinal anesthesia using the procedures sug-
gested by Langerman.15 Briefly, each rabbit, placed
in prone position, was administered ketamine 25
mg/kg and xylazine HCl 5 mg/kg intramuscularly
(im). Under sterile conditions, a 24 G spinal catheter
(Spinocath, Braun, Germany) was inserted within
the L6-L7 or L7-S1 vertebrae, corresponding to the
iliac spine. At the lumbosacral region, 27 G Quincke
needle was inserted through the subarachnoid area.
Cerebrospinal fluid was aspirated for verifying in-
sertion of spinal catheter into the subarachnoid
area. Additionally, the location of the spinal
catheter was radiologically confirmed. 

To determine possible neurologic defects, the
motor functions of the rabbits were observed for
24 h. Animals were randomly divided into five
groups using a random number table. Intrathecal
injections were administered at the proximal side
of the spinal catheter at the back of the neck. Each
group received different doses or types of anesthe-
sia administered in a volume of 0.3 ml, as follows:
the R0.2 group received 0.2% ropivacaine (Naropin,
Astra Zeneca Comp. Canada), the R0.75 group re-
ceived 0.75% ropivacaine, the R1 group received
1.0% ropivacaine, the K group received preserva-
tive-free S (+) ketamine (Ketamine 10 mg/ml, Cu-
ramed Pharma GmbH, Germany) and the C group
received 0.9% NaCl (control group). After the in-
jections, 0.1 ml 0.9% NaCl was administered in all
groups for the dead space of the catheter. 

The study groups are summarized as follows:

0.2% Ropivacaine 0.3 ml (0.6 mg), in group R0.2

0.75% Ropivacaine 0.3 ml (2.25 mg), in group
R0.75

1.0% Ropivacaine 0.3 ml (3 mg), in group R1

5.0% S (+) ketamin 0.3 ml (15 mg), in group K

0.9% NaCl 0.3 ml, in group C

The onset time and duration of action were
recorded during the post-injection period. In order
to determine the onset time and duration of action,
motor functions were assessed using the Motor
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Dysfunction Index (MDI) for periods of one minute
until the maximum activity was observed. There-
after, motor functions were observed for 10 minute
periods (Table 1).9

Irritation signals as well as defecation and uri-
nation changes of the rabbits were observed and
recorded for five days. Rabbits were then euthana-
sized by intracardiac anesthetic overdose (Pen-
tothal 100 mg/kg). After catheters were removed,
the brains were extracted by cranial dissection, and
spinal sections were prepared from two locations
flanking the injection site. Histopathological analy-
sis was performed blinded.

According to CONSORT guidelines, recruit-
ment, enrollment, and retention of subjects are
summarized in Figure 1.

EXAMINATIONS BY LIGHT MICROSCOPY

All spinal tissue specimens were obtained from the
same region of the medulla spinalis. All brain tissue

specimens were divided into six equal-thickness
coronal sections, collected in order from the frontal
lobe to the occipital lobe. The specimens were fixed
in 10% buffered formalin, embedded in paraffin,
and cut into 5-µm-thick series sections. The sec-
tions were stained with hematoxylin-eosin and ex-
amined under a photomicroscope (Axioskop 40
Mikroskop Zeiss, AxioCam ICc3 Zeiss).

Using a light microscope to perform
histopathologic examinations, tissues were evalu-
ated for the presence or absence of axonal degen-
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0 Normal motor function

1 Dyscoordination during walk

2 Inability to walk, but sufficient motor function to 

maintain a sitting position

3 Inability to sit, but movement of the hindlegs

4 Total paralysis

TABLE 1: Motor dysfunction index (MDI).

FIGURE 1: CONSORT flowchart summarizing enrollment and retention in the study protocol.



eration, degeneration in neurons, thinning of the
ventricular wall surrounding the ependymal cells,
an increase in glial cells and evidence of hemor-
rhage. In addition, tissue specimens from the den-
tal gyrus and hippocampal CA1, CA2, CA3 regions
(histological divisions of the hippocampus) were
evaluated for the presence or absence of irregular-
ities in neuronal integrity or a reduction in neuron
number.

IMMUNOHISTOCHEMICAL EXAMINATION 

All tissue samples (medulla spinalis, hippocampus,
cerebral cortex and white matter) were fixed in 10%
buffered formalin, embedded in paraffin blocks, cut
into 5-µm-thick sections and mounted onto poly-1-
lysine-coated microscope slides (Surgipath, Rich-
mond USA). After deparaffinization of the sections,
indirect immunohistochemical staining was applied,
using the streptavidin-biotin-peroxidase method for
neurofilament (NF) immunoreactivity (200 kDa and
68 kDa) with Ab-1 (ready-to-use Ab, Lab Vision,
UK). Briefly, sections were treated with 3% hydro-
gen peroxide and methanol for 30 min to block en-
dogenous peroxidase activity, and subsequently
washed in phosphate-buffered saline (PBS)
(pH=7.4). Following overnight incubation at 4ºC
with anti-neurofilament antibodies, slides were
washed with PBS (3 times for 5 min), flooded with
a solution of 5% hydrogen peroxide, rinsed with
PBS (2 times for 5 min), and incubated with bi-
otinylated polyvalent IgG (15 min) (ready-to-use
SkyTek Laboratories, Logan, UT, USA). Sections
were rinsed with PBS (2 times for 5 min) and incu-
bated with an avidin-biotin-peroxidase complex (15
min) (ready-to-use SkyTek Laboratories, Logan, UT,
USA). After rinsing with PBS (2 times for 5 min),
sections were incubated for 15 min with chromogen
substrate solution, freshly prepared by dissolving 1
mg of 3,3-diaminobenzidine (DAB, SkyTek Labora-
tories, Logan, UT, USA) in 1 ml of 0.05 M Tris-HCl
buffer (pH=7.4) containing 1 µL of H2O2. After rins-
ing in distilled water, the sections were counter-
stained with Harris hematoxylin. Lastly, slides were
incubated in ethyl alcohol (2 times for 2 min),
cleaned with xylene and mounted with resious
medium. Negative controls in all groups were
stained with PBS instead of primary antibody. The

sections were lightly counterstained with hema-
toxylin.

The intensity of neurofilament-staining in sec-
tions from both the medulla spinalis and the brain
were scored as absent (0), weak (1), moderate (2),
strong (3) and very strong (4) (immunohistochem-
ical scoring system).

STATISTICAL ANALYSIS

The Kruskal-Wallis test was used to analyze the
differences in the effect of starting time of the anes-
thesia and duration of action among the groups. In
addition, Dunn test followed by Kruskall-Wallis
was used for detection significant difference. The
likelihood ratio Chi square test was used to analyze
the frequencies of the observed histopathologic
changes among the groups. The SPSS (13.0) and
NCSS (vers. 2007) programs were used in these
analyses, and p<0.05 was accepted as significant. 

RESULTS

No neurologic deficits were observed in any of the
anesthetized subjects during the 5 days observation
period, and no motor dysfunction was observed in the
rabbits in the control group. Post-mortem analyses
verified that the catheters were positioned properly. 

Significant differences were found when com-
paring the onset and duration of action among the
groups (p=0.001). The longest onset of action was
observed in the ketamine group, among the ropiva-
caine groups, the onset of action diminished with an
increase in dose and the duration of action signifi-
cantly extended with an increase in dose (Table 2). 

LIGHT MICROSCOPE EXAMINATION

Medulla Spinalis Sections

Histopathologic examinations revealed a statisti-
cally insignificant change of axonal degeneration
in the R1 group, as compared to the other groups
(p=0.35, n=4, 66%). This observed axonal degener-
ation was in the form of a diffuse degeneration in
the white matter of the posterior horn of the
medulla spinalis, and was more intense around the
catheter. Additionally, increased glial cells were
observed in the R0.75 group, and bleeding was ob-
served in the ketamine group (Figure 2).
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Brain Sections

Statistical significance was not found when com-
paring the differences in the frequency of as-
trogliosis in the brain sections among the groups
(p=0.624, Figure 3 and Table 3). However, the dif-
ferences among the groups with regard neuronal
degeneration (p <0.0001) and reduction in neuron
number (p=0.043) were found statistically signifi-
cant. (Figure 3 and Table 3) Further evaluation for
neuronal degeneration, the presence of neuronal
degeneration in the control group were signifi-
cantly lower than in the other groups. However,
there were no significant differences between the
other groups. In addition, only significant differ-
ences between ketamine and control groups, R0.1
and control groups were found for reduction in
neuron number. The other group differences were
not significant 

IMMUNOHISTOCHEMICAL EXAMINATION

No statistical difference was detected using the
Kruskal-Wallis test when comparing the immuno-
histochemical results among the groups, most
likely because the number of subjects was too low
to detect significance (Table 4).

Medulla Spinalis Sections

The differences among the groups were not found
significant about ventral horn, dorsal horn and
white matter of the medulla spinalis (Table 4).

Brain Sections

No significant differences among the groups were
found with regard the hippocampal CA1-CA3 re-
gions, cortex and white matter (Figure 4 and Table
4).

DISCUSSION

In this study, light microscopic analysis revealed
that the ketamine group showed significant neu-
ronal degeneration and reduction of neurons in the
brain sections. Axonal degeneration was observed
1% ropivacaine group in the medulla spinalis, but
this finding was not reach significance. In the 1%
ropivacaine group, a relative increase in NF inten-
sity was detected using immunohistochemical as-
sessments in the medulla spinalis and in brain
sections. 

The potential for neurotoxicity of local anes-
thetics has been suggested in experimental studies
showing that histopathologic changes were ob-
served, even though a clinical loss of function was
not detected. Ready et al. showed that lidocaine,
bupivacaine and tetracaine administered intrathe-
cally in rabbits could be neurotoxic in high concen-
trations, but neurologic dysfunction did not
correlate with these histopathologic changes.16 Sim-
ilarly, Erdine et al. found morphologic evidence of
neurotoxicity after intrathecal administration of mi-
dazolam, but there were no significant findings for
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Group R0.2 (n=6) Group R0.75 (n=6) Group R1 (n=6) Group K (n=6) p

Time to take effect (min) 1.62 (1-2.2) 0.75 (0.5-1) 0.5 (0.3-0.6) 5 (4-6) 0.001 R0.2-R0.75 0.004

R0.2-R1 0.004

R0.2-KE 0.01

R0.75-R1 0.039

R0.75-KE 0.007

R1-KE 0.009

Total duration of action (min) 10 (8-12) 75 (65-90) 85 (80-88) 30 (25-35) 0.001 R0.2-R0.75 0.003

R0.2-R1 0.003

R0.2-KE 0.01

R0.75-R1 0.035

R0.75-KE 0.008

R1-KE 0.008

TABLE 2: Effect profiles of groups*.

* Median ( min.-max.)



the vital parameters or clinical observations.17

Therefore, in order to determine the safety limits of
intrathecal practices, histological experimental stud-
ies are required. 

Ropivacaine is a relatively new local anes-
thetic in comparison with lidocaine, mepivacaine,
prilocaine and bupivacaine, and it is thought to
have a lower potential for neurotoxicity. Yamashita
et al. studied the neurotoxic potential of tetracaine,
lidocaine, bupivacaine and ropivacaine applied in-
trathecally in rabbits.18 The authors found vac-

uolization in the dorsal horn was caused by lido-
caine= tetracaine > bupivacaine > ropivacaine, and
they noted that lidocaine had the lowest safety bor-
der. In their study, vacuolization was seen in only
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FI GU RE 2: Light microscopic appearance of medulla spinalis (axonal de-
generation was observed in the R1 group. increased glial cells were observed
in the R0.75 group, and bleeding was observed in the Ketamin group) H&E.
(See color figure at http://tipbilimleri.turkiyeklinikleri.com/)

FI GU RE 3: Light microscopic evaluation of ependymal thinning (the ependy-
mal thinning observed in the R1 group and neuronal degeneration observed
in the ketamine group). H&E, Scale bar: 50µ. 
(See color figure at http://tipbilimleri.turkiyeklinikleri.com/)



one subject in the 2% ropivacaine group, and less
than 10% vacualization was seen in this subject. 

In a study by Malinovsky et al., intermittent
and continuous infusions of different concentra-
tions of ropivacaine did not induce specific
histopathological changes.19 Zhong et al. observed
histopathologic changes characterized by inflam-
mation, vacuolization and apoptosis, but no behav-
ioral changes in rats treated with ropivacaine during
48 hours, with 90 min. intervals, applied in con-
centrations of 0.75% and 1%.20 In repeated applica-
tions of ropivacaine, the authors observed 
neurotoxic changes with an increase of the concen-
tration. Similar to this study, we observed gliosis
and axonal degeneration in the medulla spinalis sec-
tions of 1% ropivacaine concentration group. Our
results did not reach statistical significance, how-
ever, probably owing to the low subject number.

The first experimental studies on ketamine
suggested that intrathecal ketamine caused neuro-
toxic changes.10,11 In later studies, it was declared
that the preservative substances in the ketamine
preparations, especially chlorobutanol, were re-
sponsible for the histopathologic changes, and that
these neurotoxic changes were not seen when ke-
tamine was used with the preservative benzetho-
nium chloride or without preservatives.9,12 In
recent years, however, there have been some re-
ports indicating that histopathological changes
were observed when preservative-free ketamine
was applied intrathecally. In a study by Vranken et
al., preservative-free ketamine applied intrathe-

cally in rabbits for 7 days resulted in no significant
changes among motor functions, although axonal
swelling and chromatolysis were high, suggesting a
toxic damage.21 When Gomes et al. applied preser-
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Group C Group R0.1 Group R0.75 Group R1 Group K
(n=6) (n=6) (n=6) (n=6) (n=6) p

Astrogliosis Absent n 4 3 5 5 5 0.624
% 66,7 50,0 83,3 83,3 83,3

Present n 2 3 1 1 1
% 33,3 50,0 16,7 16,7 16,7

Neuronal degeneration Absent n 6 0 1 2 0 <0.0001
% 100,0 ,0 16,7 33,3 ,0

Present n 0 6 5 4 6
% ,0 100,0 83,3 66,7 100,0

Reduction in neuron number Absent n 6 2 4 4 2 0.043
% 100,0 33,3 66,7 66,7 33,3

Present n 0 4 2 2 4
% ,0 66,7 33,3 33,3 66,7

TABLE 3: Histopathologic changes in the groups.

FI GU RE 4: Immunohistochemically, neurofilament expression in the hippocampal
CA1, CA2, CA3 areas (In the R1 group, an increase of NF intensity was observed in
the hippocampal regions. The NF intensity in the hippocampal CA1-CA2 regions of
the R0.75 group had a similar appearance with the Control group). Scale bar: 100 µ. 
(Se e co lor fi gu re at http://tip bi lim le ri.tur ki yek li nik le ri.com/)
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Localization Group C (n=6) Group R0.1 (n=6) Group R0.75 (n=6) Group R1 (n=6) Group K (n=6) p

Brain CA1 0.5 (0-2) 1 (0-2) 0.5 (0-3) 2 (0-4) 1 (0-3) 0.702

Brain CA2 1 (0-3) 1.5 (0-3) 1 (0-4) 4 (0-4) 1.5 (0-4) 0.534

Brain CA3 1 (0-4) 1.5 (0-4) 4 (0-4) 2.66 (0-4) 1.5 (0-4) 0.568
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Medulla Spinalis

Gray matter ventral horn 0 (0-1) 0  (0-3) 0 (0-1) 1 (0-3) 0 (0-3) 0.639

Medulla Spinalis

Gray matter dorsal horn 0 (0-2) 0 (0-2) 1.5 (0-3) 1 (0-3) 0 (0-3) 0.680

Medulla Spinalis

White matter 0 (0-2) 0 (0-3) 0.5 (0-3) 1 (0-3) 0 (0-3) 0.879

TABLE 4: Medians of immunocytochemical results*.

* Median ( min.-max.)

The grading of the immunocytochemical examination was as follows: 

0= none; 1= rare (2-3), 2= few (3-10), 3= moderate (10-20) and 4= serious (> 20 neurons).
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