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Abstract. Spinal anesthesia or regional anesthesia is a potent 
anesthetic procedure. Additional modalities have been sought 
to increase the duration of block in spinal anesthesia. Ketamine 
is an N‑methyl‑D‑aspartate (NMDA) receptor blocker that 
has an anesthetic effect when injected intrathecally and has 
a synergic effect with bupivacaine. Ketamine also has potent 
analgesic properties. The present study investigated the effect 
of intrathecally administered ketamine on spinal anesthesia 
with levobupivacaine or ropivacaine. Sprague‑Dawley rats at 
post‑natal day 21 were exposed to spinal anesthesia with 0.5% 
levobupivacaine or 0.5% ropivacaine. Separate groups of rats 
were treated with intrathecal ketamine at a 5 or 10 mg/kg body-
weight dose along with ropivacaine or levobupivacaine. The 
thermal and mechanical withdrawal latencies of the animals 
were determined using hot plate and von Frey filaments, respec-
tively. A rotarod apparatus was employed to assess the capacity 
of the rats to rotate the spindle at 24 h following anesthesia. The 
gait of the rat pups was also assessed. Intrathecal administration 
of ketamine resulted in dense blocks and extended the duration 
of spinal blocks as evidenced by thermal latencies and responses 
to von Frey filaments. The latency to fall was shorter in rats 
exposed to ketamine along with ropivacaine or levobupivacaine 
spinal anesthesia. The gait parameters were also more disturbed 
upon ketamine administration. In conclusion, ketamine admin-
istration with ropivacaine or levobupivacaine increased the 
intensity and duration of spinal blockade, thereby increasing the 
anesthetic effects.

Introduction

Spinal anesthesia is a potent anesthetic procedure and is widely 
used as it has a number of advantages compared with general 
anesthesia, such as reduction of stress responses, reduced 

amount of blood loss, low cost and decreased morbidity and 
mortality rates in high‑risk patients (1). It is used for both 
emergency and elective surgeries, and involves the injection 
of a local anesthetic agent into the cerebrospinal fluid, thereby 
blocking nerve transmission (2). Regional anesthesia has been 
suggested as an alternative to systemic anesthesia in order to 
evade or decrease general anesthetic exposure (3). In addition, 
spinal anesthetics have very short action times with infre-
quent complications such as shivering (4,5). Several adjunct 
drugs have been added to spinal anesthetics due to concerns 
over toxicity and the duration of action (6,7). Adjuncts such 
as benzodiazepines  (8), opioids  (9), neostigmine  (10) and 
α2‑receptor agonists (11,12) have been employed.

Ketamine, an N‑methyl‑D‑aspartate (NMDA) receptor 
blocker, has an anesthetic effect when injected intrathecally 
and is synergic with bupivacaine (13). Ketamine is a phen-
cyclidine derivative with potent analgesic properties, which 
has various advantages over other local anesthetics, as it 
tends to stimulate the cardiovascular system and maintains 
respiratory response to carbon dioxide. Intrathecally admin-
istered ketamine is advantageous as its beneficial effects on 
the cardiovascular system and respiratory functions may be 
combined with the analgesic effects of spinal anesthesia (14). 
The primary mechanism of action of the spinal anesthetic 
ketamine is noncompetitive blocking of the NMDA ionophore.

Widespread use of bupivacaine for pain management 
has been largely based on the assumption that it is safe. 
Bupivacaine is a local anesthetic that is employed in nerve 
block, epidural and intrathecal anesthesia and is often admin-
istered to control pain prior to, during and following spinal 
surgery (15,16). Although extensively used in pain control, 
bupivacaine has been reported to be cardiotoxic, neurotoxic 
and the most myotoxic of the local anesthetics (17).

Levobupivacaine and ropivacaine, new long‑acting local 
anesthetics are S(‑) enantiomers of two structurally similar 
molecules, 1‑butyl‑2',6'‑pipecoloxylidide and 1‑propyl‑2',6'‑pipe-
coloxylidide, respectively (18,19) and are been developed as 
safer alternatives to bupivacaine. Though less lipid‑soluble 
than bupivacaine, ropivacaine is a long‑acting spinal anesthetic. 
Levobupivacaine exhibits similar efficacy to both ropivacaine 
and bupivacaine of sensory block for the sciatic nerve (20,21), 
spinal block (22‑24) and epidural block (25,26), both in duration 
and intensity. Studies have demonstrated that levobupivacaine 
and ropivacaine are less neurotoxic than racemic bupivacaine, 
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as evaluated by the production of seizures in rats (27,28). With 
these considerations, the present study has been designed to 
evaluate the effects of intrathecal ketamine on spinal anesthesia 
with levobupivacaine or ropivacaine.

Materials and methods

Animals. This study was approved by the Institutional Animal 
Care Committee of Shandong University and performed in 
accordance with the National Institutes of Health Guide for 
the Use of Laboratory Animals (29). Female Sprague‑Dawley 
rats (Guangdong Medical Laboratory Animal Center, Foshan, 
China) were used. A total of 70 rats were used that were housed 
in a room on a 12 h light/dark cycle with free access to water. 
Rats at post‑natal day 21 (P21) were used for the study.

Injections of levobupivacaine and ropivacaine. The rats 
were anesthetized with isoflurane (3‑5%) in oxygen and air. 
Percutaneous intrathecal injections were administered at the 
low lumbar level (intervertebral space L4‑5 or L5‑L6) with a 
30‑gauge needle perpendicular to the skin. Injection volumes of 
0.5 µl/g bodyweight, previously determined to produce spread 
across lumbar and low thoracic segments in rat pups (30), 
were delivered using a 50‑µl Hamilton syringe with a 22s ga 
gauge needle (Sigma‑Aldrich, St. Louis, MO, USA). A 0.5% 
concentration of levobupivacaine (31) or ropivacaine (32,33) 
was administered to the rats. Ketamine was administered at 
5 or 10 mg/kg (34). Control rats received no anesthesia. The 
rats in the treatment groups received levobupivacaine or ropi-
vacaine alone, ketamine (5 or 10 mg/kg) and levobupivacaine, 
or ketamine (5 or 10 mg/kg) and ropivacaine. A total of 10  rats 
were used in each group.

Behavioral assessments for sensory and motor blockade. The 
P21 rats underwent baseline measurement of hind paw thermal 
withdrawal latencies immediately prior to spinal injection. 
Blockade of thermal nociception was assessed using a modified 
hot plate test as described previously (35,36). Hind paws were 
exposed (left then right) to a hot plate (model 39D hot plate anal-
gesia meter; IITC Inc., Woodland Hills, CA, USA) at 53±1˚C. 
The time (thermal withdrawal latency) until the rats lifted their 
paws was measured using a stop clock. After 12‑13 sec, the 
tested paw was removed to avoid injury to the animal or the 
development of hyperalgesia. The test was repeated thrice (with 
a 10‑sec interval between tests) for each rat at every time point. 
Thermal withdrawal latencies were measured every 10 min for 
≥60 min after the intrathecal injections.

Blockade of mechanical nociception was also assessed in 
rats following exposure to anesthesia. Mechanical blockade 
was determined using hind paw withdrawal with the aid of von 
Frey filaments, used to apply logarithmically increasing pres-
sure. The P21 rats were lightly restrained on a flat surface and 
a well‑calibrated von Frey hairs device (Ugo Basile Electronic 
von Frey device; Stoelting Co., Wood Dale, IL, USA) that 
delivers increasing mechanical stimuli was applied to the 
dorsal surface of the hindpaw of each rat, five times with 1‑sec 
intervals (37). The number of evoked withdrawal responses to 
each stimulus of increasing intensity was recorded until a given 
stimulus evoked five responses, or a suprathreshold cut‑off pres-
sure was reached (37). Mechanical withdrawal thresholds were 

recorded at baseline and every 10 min for ≥60 min after the 
intrathecal injection. Furthermore, for thermal and mechanical 
withdrawal tests, the rats were observed for the possibility of 
exhibiting motor blockade without sensory blockade, that is, 
by absence of lower limb movement accompanied by vocaliza-
tion or signs of upper body escape responses. However, this 
was not observed.

The motor performance of the lower extremities was 
assessed by a qualitative pinch score. For each leg, if there was 
no spontaneous or evoked movement, the contribution to the 
score was zero. If there was partial movement, the contribution 
was one and if there was normal movement, the contribution 
to the score was two. Thus, in summing the values for the two 
legs, the score could range from zero (complete blockade) to 
four (normal).

Motor behavior on P22. Motor impairment of the rats that 
had undergone spinal levobupivacaine or ropivacaine and/or 
ketamine injections on P21 was assessed on P22. These rats 
were introduced to a dual species Economex Rotarod (Columbus 
Instruments, Columbus, OH, USA) using a spindle rotating at 
10 rpm (38). Each rat was tested thrice. A time interval of 10 min 
was used between each assessment. The maximal latency for 
each trial was 300 sec before removal from the spindle. The 
average of the three assessments was used for data analysis.

Gait analysis at P23. In separate experiments, gait analysis 
was performed to determine the gait of the rats. The analysis 
was conducted on P23 following intrathecal injection on 
P21. Gait analysis was performed as the animal crossed the 
glass runway of the CatWalk system (Noldus Information 
Technology, Wageningen, The Netherlands) where the paw 
print area (surface area of floor contacted by hindpaw) and 
the paw print intensity (intensity of pixels forming area of 
paw contact) was measured. The regularity index (index for 
degree of interlimb coordination during gait), stability of gait 
(distance between two hindpaws measured perpendicular to 
walking direction), stride length (distance between placement 
of hindpaw and subsequent placement of same paw) and the 
duty cycle (ratio between stance duration and full stepcycle 
duration) was also measured. Animals underwent a daily 
training paradigm for 2 days on P22‑23, with runway crossings 
toward food rewards at the distant end. On P23, runway cross-
ings were recorded and included in analysis if the maximal 
time for crossing the 60 cm long section of the runway used 
for gait recording was ≤2 sec and there were no intermediate 
stops during the crossing. Three crossings per animal were 
analyzed using CatWalk®7.1.6 software (Noldus Information 
Technology).

Statistical analysis. All the values are represented as the 
mean±standard deviation. One-way analysis of variance 
was used and the values were analyzed using SPSS software 
version  17.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Response to thermal stimulus. Hind paw thermal withdrawal 
latencies were determined on P21 for rats in the groups 
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receiving spinal anesthesia (Fig.  1). Levobupivacaine and 
ropivacaine produced dense thermal nociceptive blockade at 
the first measurement at 10 min following injection compared 
with control and remained dense at 20 min. The co‑adminis-
tration of ketamine was found to further enhance the blockade 
to 40‑45 min, with a peak observed at ~40 min. The thermal 
withdrawal latencies remained significantly greater than 
control values at 50 min for the animals that received ketamine 
plus either ropivacaine or levobupivacaine; however, thermal 
withdrawal latencies remained higher and for a longer time 
for ropivacaine than for bupivacaine, irrespective of whether 

ketamine was co‑administered (Fig. 1). The latencies were 
observed to be markedly higher and of longer duration in the 
rats that received a 10‑mg dose of ketamine with levobupi-
vacaine or ropivacaine compared with rat pups that received 
5 mg ketamine.

Response to mechanical stimulus. Mechanical withdrawal 
responses to von Frey filaments are presented in Fig. 2 for rats 
at P21 that received spinal anesthesia. Threshold values were 
higher following intrathecal injections compared with control. 
Thresholds were maximized between 5 to 40 min following 

Figure 1. Thermal latency of P21 rat pups following spinal anesthesia. Values are presented as mean ± standard deviation (n=6). *P<0.05 vs. control as 
determined by one‑way analysis of variance. P21, post‑natal day 21.

Figure 2. Mechanical withdrawal threshold of P21 rat pups following spinal anesthesia Values are represented as mean ± standard deviation (n=6). *P<0.05 vs. 
control as determined by one‑way analysis of variance. P21, post‑natal day 21.
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injections in rats receiving ropivacaine or levobupivacaine. 
In the rats that received ketamine along with ropivacaine, 
the threshold remained higher at 40 min as compared with 
that in rats exposed to ropivacaine alone. The 10 mg dose 
of ketamine exhibited a higher mechanical blockade even at 
50 min compared with the 5‑mg dose, with fading of the effect 
from 40 min. The combination of ketamine and ropivacaine 
resulted in blocks of longer duration as compared with levobu-
pivacaine, which exhibited more dense blocks.

Motor block scores. Motor block (pinch) scores are shown 
in Table  I. Rats at P21 that received either ropivacaine or 
levobupivacaine showed no signs of motor impairment. 
Levobupivacaine and ropivacaine produced dense motor block 
in all animals, which recovered almost completely by 40 min 
in all animals. Animals that received intrathecal injections of 
ketamine presented blocks even at 50 min. At 40 min, rats that 
received 10 mg ketamine exhibited motor blocks more than 
those that received 5 mg ketamine (Table I). 

All control animals that received no anesthesia responded 
to pinching with forceps on the skin of the back with startled 
jerks and exhibited substantial escape behaviors. All animals 
that received spinal injections of levobupivacaine or ropiva-
caine did not exhibit behavioral response to pinching over 
the skin of the back at the lumbar and lower thoracic levels 

(between 8‑10 min after injection); however, they showed 
slight withdrawal behaviors to pinching at upper thoracic 
levels and on the forepaws at 15‑20  min after injections. 
Withdrawal behaviors were absent for a longer period of time 
in animals that received ketamine and ropivacaine compared 
with animals that received levobupivacaine and ketamine.

Motor performance in adult rats with postnatal anesthetic 
exposures. P22 rats that were exposed to intrathecal injections 
on P21 were tested for motor performance using a rotarod 
apparatus. Notable differences were observed in rats that 
received anesthesia as compared with control rats that were not 
exposed to anesthesia. Rats that received either ropivacaine or 
levobupivacaine along with ketamine exhibited falls at a much 
higher frequency and with shorter time intervals between the 
falls (Fig. 3). Ketamine injections resulted in shorter falling 
latency than that of the rats that received levobupivacaine or 
ropivacaine alone.

Gait analysis at P23. Gait analysis was performed on the 
rat pups on P23 following anesthesia exposure on P21. The 
influence of the anesthetics on the walking gait of the rat 
pups was analyzed using the CatWalk® runway system. The 
system recorded static and dynamic parameters, including 
paw pressure, print area, duty cycle (ratio between stance 

Figure 3. Latency of falling of rat pups following spinal anesthesia on P21. Values are presented as mean ± standard deviation (n=6). P21, post‑natal day 21.

Table I. Hind leg motor response of rats assessed using pinch scores following spinal anesthesia.

	 Time (min)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 0	 5	 10	 20	 30	 40	 50

Control	 4	 4	 4	 4	 4	 4	 4
Levobupivacaine	 0	 0	 0	 2	 2	 4	 4
Levobupivacaine + 5 mg ketamine	 0	 0	 0	 1	 2	 2	 4
Levobupivacaine + 10 mg ketamine	 0	 0	 0	 1	 1	 2	 2
Ropivacaine	 0	 0	 0	 0	 2	 2	 4
Ropivacaine + 5 mg ketamine	 0	 0	 0	 0	 1	 1	 2
Ropivacaine + 10 mg ketamine	 0	 0	 0	 0	 1	 1	 2

Values presented are mean scores (n=6) on a scale where 0 indicates complete blockade and 4 indicates normal.
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duration and full step cycle duration), stride length as well as 
interlimb coordination. Ketamine injections at P21 resulted 
in a significant (P<0.05) reduction in paw print area and paw 
print intensity in rats that were exposed to spinal anesthesia 
with ropivacaine and levobupivacaine as compared with the 
intensities in control rats that were not exposed to anesthetics. 
The reduction in dynamic parameters was observed to be more 
marked in rats that received ketamine along with levobupiva-
caine or ropivacaine compared with those that received the 
latter two anesthetics without ketamine. More pronounced 
alterations in gait were observed in rat pups injected with the 
10 mg ketamine dose as compared with 5 mg (Table II). The 
treatment with intrathecal injections of ketamine plus ropiva-
caine or levobupivacaine resulted in a greater anesthetic effect 
than ropivacaine or levobupivacaine alone.

Discussion

Local anesthetics and spinal analgesics are commonly 
co‑administered to improve analgesia or reduce local anes-
thetic requirements  (34,39). The use of the stereoisomers 
levobupivacaine or ropivacaine, which have wider therapeutic 
windows than racemic bupivacaine, is increasing  (40,41). 
However, to prolong the duration of action, additional 
modalities are being sought. Ketamine is reported to act as 
an antagonist of the NMDA receptor in the spinal cord, and 
also to affect voltage‑sensitive calcium channels, and opiate 
and monoaminergic receptors and thereby causes analgesic 
and anesthetic effects (42). Thus, the effect of ketamine is 
considered to be synergic with that of intrathecal bupiva-
caine because combined administration demonstrates better 
blocking with a longer duration (13,29).

Several in vitro and in vivo studies have demonstrated 
the potential of ketamine for producing neuroprotective 
effects (43‑45). This ability is indicated by the observations that 
ketamine blocks NMDA‑receptor activation, mediates benefi-
cial changes in apoptosis‑regulating proteins and interferes 
with the inflammatory response to injury when administered 
in typical sedative or anesthetic doses. Cardiovascular stimula-
tion caused by ketamine may also improve cerebral perfusion 

and this action may be advantageous in patients, particularly 
after brain injury (46).

Considering the effects of ketamine, the present study 
probed whether intrathecal ketamine increases the blockade 
induced by spinal levobupivacaine and ropivacaine. One of the 
most important properties of a long‑acting local anesthetic is 
the reversible inhibition of nerve impulses, causing a prolonged 
sensory or motor blockade appropriate for anesthesia in 
different types of surgeries (47).

In the present study it was observed that a single dose of 
intrathecal levobupivacaine and ropivacaine at 0.5% produced 
reliable sensory and motor blockade in rat pups at P21. The 
results of the assessment of sensory and motor blockade in rat 
pups suggest that ropivacaine induced sensory and motor blocks 
for a longer duration than levobupivacaine. Administration of 
ketamine following levobupivacaine or ropivacaine resulted 
in stronger blocks and extended the duration of the blocks as 
determined using thermal and mechanical stimuli.

On further analysis of the extent of blockade, the perfor-
mance of the rats following 24 h of anesthesia was determined 
using a rotarod apparatus. The latency to fall was recorded 
as the efficiency of the rats in rotating the spindle. The rats 
exposed to anesthesia presented a shorter period before falling, 
with the rats that received ketamine falling much sooner. The 
results of rotation of the spindle indicate that ketamine brought 
about stronger blockade than either ropivacaine or levobupiva-
caine administered as a single drug.

Earlier reports have demonstrated longer anesthetic blocks 
in patients receiving ketamine administration along with 
bupivacaine (42). Patients undergoing cesarean section who 
received intrathecal ketamine along with bupivacaine had a 
significantly prolonged duration of anesthesia compared with 
the control group of patients who received bupivacaine without 
ketamine (48).

Clinically, ketamine is administered via intravenous, 
intramuscular, epidural, intrathecal, rectal, subcutaneous, 
transdermal, topical, oral, intranasal, transmucosal and sublin-
gual routes. Epidural ketamine has been reported to provide 
prolonged analgesia when administered alone or added to local 
anesthetics (49‑51). Epidural injection has an additional benefit 

Table II. Gait analysis of rats following spinal anesthesia.

	 Static parameters	 Dynamic parameters
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Paw print	 Paw print	 Regulatory	 Duty	 Stride	 Stability
Group	 area	 intensity	 index	 cycle	 length	 of gait

Control	 44.13±1.21	 171.20±10.20	 100.30±2.16	 60.16±1.14	 110.33±9.36	 34.19±0.77
Levobupivacaine	 22.25±1.68a	 121.25±7.15a	 90.38±1.69a	 53.35±2.18a	 100.10±6.10a	 28.22±1.56a

Levobupivacaine + 5 mg ketamine	 18.50±1.22a	 118.80±9.21a	 88.11±2.53a	 51.20±2.05a	 95.16±4.81a	 20.15±1.00a

Levobupivacaine+10 mg ketamine	 15.10±1.56a	 110.10±6.01a	 85.22±4.37a	 46.75±2.10a	 90.25±5.05a	 19.80±0.87a

Ropivacaine	 21.20±0.54a	 123.56±5.96a	 89.21±4.16a	 53.44±1.36a	 102.21±3.74a	 27.80±0.54a

Ropivacaine + 5 mg ketamine	 17.51±0.66a	 119.56±5.07a	 87.20±2.90a	 50.23±2.22a	 93.25±2.90a	 24.10±1.36a

Ropivacaine + 10 mg ketamine	 14.88±0.60a	 113.24±4.29a	 81.06±5.06a	 48.68±3.12a	 90.20±4.60a	 20.0 5±1.01a

Values are presented as mean ± standard deviation (n=6). aP<0.05 vs. control as determined by one‑way analysis of variance. Regulatory index,  
index for degree of interlimb coordination during gait.
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as inadvertent intravascular administration does not result in 
cardiovascular side effects (52) and intrathecal ketamine at 
doses of 3‑10 mg/kg exhibits dose‑dependent antihyperalgesic 
effects in neonatal rats (34).

Gait analysis normally presents the stability of the rats 
following anesthesia. The gait analysis of the experimental 
animals was assessed using the CatWalk® system, which is a 
video‑based automated gait analysis system that evaluates the 
changes in gait of rodents (53). The CatWalk® system allows 
analysis of sensorimotor co‑ordination and both static and 
dynamic components of gait. Intrathecal ketamine injection 
resulted in alterations in the gait parameters in rats that were 
exposed to levobupivacaine or ropivacaine.

Marked reductions in hindpaw print area and print intensity 
were observed subsequent to ketamine administration. Duty 
cycle was observed to decrease, as the time that the hind paw was 
in contact with the surface during gait decreased. The results for 
dynamic parameters such as stride length, gait regularity and 
stability suggested that gait coordination was slightly decreased 
in the levopubivacaine and ropivacaine groups compared with 
that in the control rat pups. The changes in static and dynamic 
parameters were more pronounced in rats that received 10 mg 
ketamine than in the rats that received the lower dose.

The results of the present study suggest that ketamine 
at doses of 5 and 10 mg/kg was effective in extending the 
anesthetic effects of ropivacaine and levobupivacaine. 
Kim et al (54) demonstrated the synergistic effects of intra-
venous ketamine administration in patients exposed to spinal 
bupivacaine. Prophylactic use of intravenous ketamine has 
been found to significantly reduce the frequency and the 
intensity of perioperative shivering associated with spinal 
anesthesia (55). Intraarticular ketamine and levobupivacaine 
when administered to patients undergoing arthroscopic 
meniscectomy provided more effective post‑operative anal-
gesia than ketamine alone (56).

The present study was conducted in an attempt to evaluate 
the anesthetic effects of ketamine when used in combination 
with ropivacaine or levobupivacaine. The observations are 
suggestive of the potency of ketamine in extending the dura-
tion and strength of spinal anesthesia. Furthermore, additional 
research is necessary in order to fully understand the effects 
of ketamine administration in combination with ropivacaine 
or levobupivacaine.
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