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Lipid emulsion mitigates local anesthesia-induced
central nervous system toxicity in rats
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Abstract. The aim of the present study was to investigate
the effect of intravenously administered lipid emulsion
on local anesthetic (LA)-induced central nervous system
(CNS) toxicity. A total of 100 male Sprague Dawley
rats were allocated at random into the following groups:
Sham (A), lidocaine (B), levobupivacaine (C) and ropi-
vacaine (D). Groups B-D were each subdivided into three
subgroups: Toxic, post-conditioning and pre-conditioning.
Intracerebroventricular injections of 0.9% normal saline
(sham group) or LA were administered via microsyringe;
in addition, a 20% lipid emulsion was injected into tail vein
prior to the LA injection (pre-conditioning subgroups) or
following rat respiratory arrest (post-conditioning subgroups).
The heart rate, blood pressure, neurological behavior scores,
neuronal density and time from LA injection to respiratory
arrest, apnea and start of arrhythmia were measured. Rats
in the toxic groups died due to respiratory arrest following
the injection of LA into the lateral ventricle. Rats in the
post-conditioning subgroups were resuscitated from the
LA-induced respiratory arrest, while the pre-conditioning
subgroup rats exhibited no respiratory arrest. No significant
differences in heart rate were observed between the toxic and
post-conditioning subgroups in the levobupivacaine and ropi-
vacaine groups (P>0.05); however, a significant difference
was observed between these treatment groups and the rats
treated with lidocaine (P<0.01). A significant difference was
also observed in the time from the LA injection to the onset
of arrhythmia among the rats in groups B, C and D (P<0.01).
No significant differences in the neurological behavior scores
and neuronal density were observed in the hippocampal CA1
zone among group C and D rats in the post- and pre-condi-
tioning subgroups at various time-points following treatment.
Beyond that, the same phenomena regarding neurological
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behavior scores was observed in post- and pre-conditioning
subgroups of group B at 12 and 24 h treatment, contrasting
with the statistically significant difference between post- and
pre-conditioning subgroups at 6 h treatment (P<0.01). The
results of the present study therefore indicate that pre- and
post-conditioning with lipid emulsion effectively mitigates
LA-induced CNS toxicity in rats.

Introduction

Local anesthetics (LAs) are drugs that reversibly block the
transmission of nerve impulses, without affecting conscious-
ness; however, accidental intravascular injection, drug
overdose or rapid absorption from the administration site
can induce severe LA systemic toxicity (LAST). LAST is a
rare but potentially fatal complication of regional anesthesia,
which may result in cardiovascular (CVS) and central nervous
system (CNS) toxicity (1). Previously, the treatment of LAST
was a challenge, as no specific therapy was available (2);
however, it was later observed that a lipid emulsion was able
to effectively resuscitate rats that had received an overdose of
bupivacaine (3). Since then, a number of studies have reported
the successful use of lipid emulsion therapy for the treatment
of LAST (4,5). To date, intravenous lipid emulsions have been
used to treat systemic toxicity induced by a variety of LAs,
including bupivacaine, levobupivacaine, ropivacaine and
mepivacaine (6-8).

The resuscitative capacity of lipid emulsion for LA-induced
CVS toxicity has been extensively studied (9); however,
the efficacy of intravenous lipid emulsions in reducing
LA-induced CNS toxicity has not been fully characterized.
Oda and Ikeda (6) reported that a lipid emulsion effectively
decreased the CNS and CVS toxicity induced by bupivacaine
and levobupivacaine in conscious rats. Furthermore, previous
clinical studies have indicated that lipid emulsion may be
effective for treating LA-induced CNS toxicity (10,11). The
‘lipid-sink’ theory suggests that lipophilic LAs are chelated by
lipid emulsions in the blood, which lowers the concentration
of the freebase form of the LA, thus reducing the availability
of the LAs to tissues and resulting in decreased toxicity (12).
The majority of previous experiments examining the effects
of lipid emulsions on LAST involved the intravenous injection
of LAs, followed by the intravenous administration of a lipid
emulsion; therefore, it is difficult to determine whether lipid
emulsions can have a direct effect on the CNS to limit toxicity.
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The aim of the present study was to evaluate the effect
of intravenously administered lipid emulsions on the CNS
toxicity induced by lidocaine, levobupivacaine and ropiva-
caine, which were directly perfused into the lateral ventricles
of Sprague Dawley (SD) rats. In addition, this study aimed to
compare the toxicity of these three types of LAs in a rat model
of CNS toxicity.

Materials and methods

Experimental animals. In total, 100 healthy male SD rats,
aged 10 weeks and weighing 240-300 g, were purchased from
the Laboratory Animal Center of Luzhou Medical College
(Luzhou, China) and maintained in a temperature-controlled
room with a 12-h light/dark cycle and regular access to food
and water. Experimental procedures were approved by the
Laboratory Animal Care Committee at Luzhou Medical
College. All animals received care according to the Guide for
the Care and Use of Laboratory Animals (National Institutes
of Health, Bethesda, MD, USA).

Animal model and experimental procedure. Rats were
allocated at random into four main groups: Sham (A; n=10),
lidocaine (B, n=30), levobupivacaine (C; n=30) and ropiva-
caine (D; n=30). Groups B-D were subsequently subdivided
into three subgroups: Toxic, post-conditioning and pre-condi-
tioning (n=10 per subgroup). The rats were weighed and
subsequently anesthetized with an intraperitoneal injection
of 2% sodium pentobarbital (40 mg-kg™"). Heat pads (Softron,
Beijing, China) were used for the maintenance of body
temperature at 37°C. Spontaneous breathing was maintained,
and then a tail vein puncture, tracheal intubation and femoral
artery puncture were conducted, with continuous injection of
Ringer's solution (Minsheng Pharmaceutical Group Co. Ltd.,
Hangzhou, China) by a computerized infusion pump (Wego,
Weihai, China) at a rate of 1 ml-kg'-min"'. Simultaneously,
electrocardiogram, heart rate and mean arterial pressure
measurements of the rats were continuously recorded using
a BL-420E biological function experimental recorder
(Chengdu Thai Union Technology Co., Ltd., Chengdu, China).
The onset of convulsions was indicated by the appearance
of tonic-clonic movement in the rat legs and spike waves
on an electroencephalogram, and the data were recorded.
Following cerebroventricular puncture, the LA was injected
gradually into the lateral ventricle using a microsyringe at a
rate of 50 pl'min’'. The dosages of the LAs, determined by
preliminary experiments, were as follows: 0.75% lidocaine
hydrochloride (200 ul'’kg"; Yashen Pharmaceutical Co. Ltd.,
Linzhou, China), 0.75% levobupivacaine hydrochloride
(140 ul’kg'; Hengrui Medicine Co. Ltd., Lianyungang, Jiangsu,
China) and 1% ropivacaine hydrochloride (200 ul-kg™'; Hengrui
Medicine Co. Ltd.). Rats in the post-conditioning subgroups
that exhibited respiratory arrest were administered 20% lipid
emulsion (Intralipid; 5 ml'kg"'; Sino-Swed Pharmaceutical
Corp. Ltd., Beijing, China) via a tail vein injection, and were
continually administered lipid emulsion using a computerized
infusion pump at a rate of 0.25 mlI'kg"-min™'. Similarly, rats in
the pre-conditioning subgroups received a tail vein injection
of 20% lipid emulsion (5 mlkg™), followed by infusion using
a computerized infusion pump at a rate of 0.25 ml'kg'min;
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however, this treatment was administered for 30 min prior to
the intracerebroventricular injection of LA. Sham group rats
received 0.9% normal saline (2 ul’kg™), which was injected into
the lateral ventricle at a rate of 50 ul'min’. The time between
the injection of LA and the onset of respiratory arrest and
arrhythmia was recorded in all groups. Neurological behavior
was evaluated using a previously described method (13,14),
and the resulting scores were recorded prior to the LA treat-
ment and at 6, 12 and 24 h after treatment. At 24 h after
treatment, the rats were sacrificed. Firstly, the rats were anaes-
thetized by 2% pentobarbital intraperitoneal injection, and
then 4% paraformaldehyde was perfused rapidly, with the aim
of reducing animal suffering as much as possible. The brains
were excised, fixed in 4% paraformaldehyde and embedded in
paraffin blocks. Subsequently, 4-um sections were stained with
hematoxylin and eosin using standard protocols. Images were
obtained using a Nikon Eclipse E400 optical microscope and
software package (Nikon Corp., Tokyo, Japan), and neuronal
density in the hippocampal CAl zone was subsequently
measured. Cones cell morphology of hippocampal CA1 was
observed under the microscope, with the same view captured
under magnification x100 and x400. The cell morphological
differences between groups were observed and neuronal
density was measured.

Statistical analysis. Results are expressed as the mean =+ stan-
dard deviation. Statistical analysis was performed using
SPSS software, version 17.0 (SPSS, Inc., Chicago, IL, USA).
Differences in the heart rate, blood pressure, neurological
behavior scores, neuronal density and time from LA injection
to respiratory arrest, apnea and start of arrhythmia among the
groups were examined using one-way analysis of variance.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Lipid emulsion mitigates LA-induced respiratory arrest.
Prior to treatment, no differences in baseline weight, blood
pressure, heart rate and respiration were observed among the
groups (data not shown). The lateral ventricle was punctured
successfully in all rats, and 0.9% normal saline or the respec-
tive LAs were injected. LAST onset was observed in all rats
following the injection of LA into the lateral ventricle. Rats
in the toxic subgroups all died from respiratory arrest. Rats
in the post-conditioning subgroups also exhibited respiratory
arrest; however, following the application of cardiopulmonary
resuscitation (via closed chest cardiac massage) and breathing
support (assisted with a ventilator), all rats were resuscitated
from the CNS toxicity-induced respiratory arrest. No respira-
tory arrest was observed in the rats in the pre-conditioning
subgroups.

Effect of pre- and post-conditioning on time to respiratory
arrest and apnea. Following the intracerebroventricular
injection of LA, the time to respiratory arrest was compared
among the toxic subgroups. The data showed no significant
differences between the toxic subgroups of groups B and C
(P>0.05); however, these subgroups differed significantly
compared with the group D toxic subgroup (P<0.01; Fig. 1A).
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Figure 1. Time to (A) respiratory arrest and (B) apnea in the toxic and post-conditioning groups. Data are expressed as the mean + standard deviation.
(A) "P<0.01 vs. groups B and C (toxic subgroups); “P<0.01 vs. groups B and C (post-conditioning subgroups). (B) “P<0.01 vs. group B (post-conditioning
subgroup). Group B, lidocaine group; group C, levobupivacaine group; group D, ropivacaine group.
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Figure 2. (A) Heart rate, (B) blood pressure and (C) time to start of arrhythmia in the toxic and post-conditioning subgroups. Data are expressed as the
mean + standard deviation. (A) “P<0.01 vs. group B (toxic subgroup); “"P<0.01 vs. group B (post-conditioning subgroup). (C) “P<0.01 vs. group B; #P<0.01 vs.
group C (toxic subgroup). BPM, beats per minute; group B, lidocaine group; group C, levobupivacaine group; group D, ropivacaine group.

Similarly, no significant differences were detected between
the post-conditioning subgroups of groups B and C (P>0.05),
while significant differences were observed between these
subgroups and the group D post-conditioning subgroup
(P<0.01; Fig. 1A). Within groups B, C and D, no significant
differences were observed in respiratory arrest time between
the respective toxic and post-conditioning subgroups (P>0.05;
Fig. 1A). No respiratory arrest was exhibited by rats in the
pre-conditioning subgroup rats of groups B-D. With regard to
apnea time, significant differences were detected among the
post-conditioning subgroups of groups B, C and D (P<0.01;
Fig. 1B). The decreasing order of recovery time was as follows:
Lidocaine (group B) > levobupivacaine (group C) > ropiva-
caine (group D).

Heart rate, blood pressure and arrhythmia. Heart rates were
measured when respiratory arrest occurred in the toxic and

post-conditioning subgroups following the intracerebroven-
tricular injection of LA. No significant difference in heart
rate was observed between the toxic subgroups of groups C
and D (P>0.05); however, significant differences were
detected between these subgroups and the toxic subgroup
of group B (P<0.01; Fig. 2A). Similar results were observed
among the post-conditioning subgroups of groups B, C and D.
Within groups B-D, there were no significant differences in
heart rate between the respective toxic and post-conditioning
subgroups (P>0.05; Fig. 2A). Similarly, no significant differ-
ences in blood pressure were detected when respiratory arrest
occurred among the respective toxic and post-conditioning
subgroups following the intracerebroventricular injection of
the LAs (Fig. 2B). Arrhythmia was detected only in the toxic
subgroups of groups B, C and D. The types of arrhythmia
detected included bradycardia, premature contraction and
irregular heartbeats. Significant differences in the time
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Table I. Neurological behavior scores at various time-points (mean + standard deviation).

Group Baseline 6h 12h 24 h
Sham (A) 17.50+1.27 12.70+0.95%¢ 14.90+0.99%¢ 15.90+0.74°¢
Lidocaine (B)

1 16.40+1.07 0 0 0

2 16.60+0.84 9.00+£0.67*¢ 9.40+0.70* 12.40+1.17*

3 16.70+0.95 10.0£1.05%bd¢ 10.09+1 .45° 12.80+1.39*
Levobupivacaine (C)

1 16.10+1.20 0 0 0

2 15.30+0.95 8.10+0.32f¢ 9.10+£0.57* 11.70+0.95%¢

3 15.80+0.92 7.90+0.88% ke 9.20+0.63* 11.50+0.85%¢
Ropivacaine (D)

1 15.80+1.03 0 0 0

2 16.10+0.88 8.80+0.63%4¢ 9.00+0.47* 11.90+1.10*

3 16.30+1.16 9.00£0.674¢ 9.70+0.67* 12.30+0.67*

1P<0.01 vs. group A; °P<0.01 vs. group B2; °P<0.01 vs. group B3; ‘P<0.01 vs. group C2; °P<0.01 vs. group C3, 'P<0.01 vs. group D2; ¢P<0.01
vs. group D3. 1, toxic subgroup; 2, post-conditioning subgroup; 3, pre-conditioning subgroup.
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Figure 3. Neuronal density in the hippocampal CA1 zones of the post- and pre-conditioning subgroups. (A) Representative images of the hematoxylin and
eosin-stained rat hippocampal CA1 zone (magnification, x100). Images labeled ‘2’ represent the post-conditioning subgroups; images labeled ‘3’ represent the
pre-conditioning subgroups. (B) Quantitative data of neuronal density in the hippocampal CA1 zone. Data are expressed as the mean =+ standard deviation.
n/mm?, neurons per mm?; Group A, sham group; group B, lidocaine group; group C, levobupivacaine group; group D, ropivacaine group.

from LA injection to arrhythmia onset were detected among
groups B, C and D (P<0.01). The decreasing order of onset
time was as follows: Ropivacaine (group D) > levobupivacaine
(group C) > lidocaine (group B) (Fig. 2C).

Neurobehavioral scores and neuronal density. Prior to LA
injection, neurological behavior scores were normal in all
groups. Following treatment, all the rats in the toxic subgroups
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died. The neurological scores of rats in the post- and pre-condi-
tioning subgroups of groups B, C and D were significantly
reduced compared with the scores of the sham group rats at the
corresponding time-points following treatment (P<0.01). The
neurological behavior of groups B, C and D treated after 6, 12
and 24 h was significantly lower than the sham group (P<0.01).
There was no statistically significant difference between
pre- and post-conditioning subgroups of groups B, C and D
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at different time-points, respectively (P>0.05). Differences
were statistically significant in the sham group at 6, 12 and
24 h time-points; toxic group, pre- and post-conditioning
subgroups are significantly different from rat models treated
for 24 h (P<0.01; Table I). Results for the neuronal density in
the rat hippocampal CA1 zones are presented in Fig. 3A and B.
The results showed that the neuronal hippocampal density was
normal in each group at 24 h after treatment, with no signifi-
cant differences observed among the various treatment groups
(P>0.05).

Discussion

Previous animal studies and human case reports have provided
increasing evidence in support of the use of lipid emulsions
for the treatment of patients suffering from LA-induced
toxicity (3-5,15,16). Weinberg et al (3) demonstrated that
LA-induced cardiotoxicity could be treated effectively using
10, 20 and 30% lipid emulsions. Animal studies using rats and
dogs determined that the use of lipid emulsion as a pretreat-
ment or during resuscitation offered successful recovery
from bupivacaine overdose (15,17). Previous studies have
predominantly focused on the effective resuscitative effect
of lipid emulsion on LA-induced CVS toxicity (9); however,
the capacity of intravenous lipid emulsions to effectively
reduce LA-induced CNS toxicity has remained incompletely
understood. Furthermore, based on the lipid-sink theory, the
combined intravenous injection of LAs and lipid emulsion
has made it difficult to determine whether lipid emulsions can
have a direct effect on the CNS to prevent toxicity (12).

In the present study, an SD rat model was employed in
which LAs were directly perfused into the lateral ventricle.
The LAs were thus able to cross the blood-brain barrier and
perfuse into the ventricle, inducing CNS, but not CVS, toxicity.
This model facilitated the specific examination of the effect
of lipid emulsions on LA-induced CNS toxicity. The results
showed that rats in the toxic subgroups all died from breathing
arrest following the injection of LA into the lateral ventricle.
However, in rats treated with lipid emulsion following LA
injection, respiration was restored and all rats were resuscitated
from CNS toxicity-induced respiratory arrest. Rats pretreated
with lipid emulsion prior to the injection of LA exhibited no
respiratory arrest. Further experiments revealed no significant
differences in heart rate or blood pressure following respiratory
arrest between the toxic and post-conditioning subgroups. In
addition, no significant differences were detected in neurolog-
ical behavior scores and neuronal density in the hippocampal
CAl zone among the post- and pre-conditioning subgroups
of groups B, C and D at different points following treatment.
Collectively, these results suggest that post-conditioning with
lipid emulsion is able to mitigate the effects of CNS toxicity,
while pre-conditioning is able to prevent LA-induced CNS
toxicity. To the best of our knowledge, the present study is the
first to examine the resuscitative effects of lipid emulsion on
LA-induced CNS toxicity.

In contrast to numerous clinical reports describing the
effect of lipid emulsion on the overdose of various LAs,
such as bupivacaine, levobupivacaine, ropivacaine and
lidocaine (4,5,10,18), the majority of animal studies have inves-
tigated bupivacaine. Few studies have examined the effects of
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lipid emulsion on the toxicity of LAs other than bupivacaine in
animals (19). In the present study, the toxicity of three types of
LA, lidocaine, levobupivacaine and ropivacaine, was examined
and compared. The data showed that lipid emulsion was able
to decrease the CNS toxicity induced by all three LAs, but that
the toxicity of the three LAs differed. The relative respiratory
recovery time observed for each of the LAs was as follows,
in decreasing order: Lidocaine > levobupivacaine > ropi-
vacaine. Furthermore, in decreasing order, the time from
the LA injection to the onset of arrhythmia was as follows:
Ropivacaine > levobupivacaine > lidocaine. These results
suggest that the relative toxicity of the three LAs is as follows:
Lidocaine > levobupivacaine > ropivacaine. The lipophilicity
of these LAs is known to be as follows: Lidocaine > levobu-
pivacaine > ropivacaine (16,20-23). Notably, the apparent
toxicity of these three LAs correlates with their lipophilicity,
which is consistent with the lipid-sink theory.

In conclusion, the present study suggests that lipid emul-
sion post-conditioning is able to mitigate LA-induced CNS
toxicity, while pre-conditioning is able to prevent LA-induced
CNS toxicity in rats. Further studies are required to elucidate
the mechanism underlying the interaction between lipid emul-
sions and LAs in CNS toxicity.
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