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Alterations in arterial PaCO2 can influence local anesthetic toxicity. The objective
of this study was to evaluate the effect of stress-induced changes in PaCO2 and
PaO2 on the seizure threshold of lidocaine and articaine. Lidocaine (2% with
1 : 100,000 epinephrine) or articaine (4% with 1 : 100,000 epinephrine) was ad-
ministered intravenously under rest or stress conditions to 36 rats separated into
4 groups. Propranolol and prazosin were administered preoperatively to mini-
mize cardiovascular effects of epinephrine. Mean arterial pressure (MAP), heart
rate ( HR ), and arterial pH, PaCO2, and PaO2 were measured. Results showed
no differences in MAP, HR, or pH. Stress significantly increased the latency peri-
od for the first tonic-clonic seizure induced by a toxic dose of both lidocaine and
articaine (P , .05). Seizures were brought on more rapidly by articaine. No signif-
icant difference between toxic doses of lidocaine and articaine was noted. Stress
raised the seizure threshold dose for both drugs and significantly (P , .01) in-
creased arterial PaO2 from 94.0 6 1.90 mm Hg to 113.0 6 2.20 mm Hg, and
reduced PaCO2 from 36.0 6 0.77 mm Hg to 27.0 6 0.98 mm Hg. In conclusion,
reduction in PaCO2 and/or increase in PaO2 raised the seizure threshold of lido-
caine and articaine. This study also confirmed that lidocaine and articaine have
equipotent central nervous system toxicity.
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Local anesthetics generally are safe, but systemic
toxicity can occur with high plasma levels caused

by overdose or accidental intravascular administra-
tion.1^7 The magnitude of side effects is dependent
on inherent toxicity and the dose administered. Meth-
ods used to reduce the incidence of toxicity include
aspiration, slow injection, and knowledge of the phar-
macology of the drug.8,9 Toxicity manifests primarily
in the central nervous system (CNS), and its signs
and symptoms include light-headedness, restlessness,
inarticulate speech, and diffuse muscular contrac-
tions.10^13 One classic sign of local anesthetic toxicity
is tonic-clonic seizure activity, with convulsions being

the first indication that a toxic reaction is occur-
ring.10,14

Studies in cats have shown that the acid-base state
is an important factor, in that acidosis increased, while
alkalosis reduced, anesthetic toxicity.15,16 An increase
in the levels of PaCO2 can worsen the convulsive
threshold, and a decrease in PaCO2 levels tends to
have the opposite effect.17,18 The duration of seizure
activity is related to the local anesthetic blood level
and is directly related to the arterial PaCO2 level.

Stress can lead to sympathetic hyperactivity, result-
ing in tachycardia and tachypnea, in turn leading to
increased PaO2 and decreased PaCO2. This model
can be used to study their effects on local anesthetic
toxicity. Today, 2 of the most commonly used local an-
esthetics are lidocaine and articaine.19 Thus, by using
the model of stress-induced changes in these parame-
ters, investigators undertook this study to confirm that
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changes in PaCO2 and PaO2 can affect local anesthet-
ic-induced seizure activity, and to compare the relative
CNS toxicity of lidocaine and articaine.

MATERIALSANDMETHODS

Studies were performed at the Laboratory of Experi-
mental Hypertension of the Universidade Federal do
Esp|¤ rito Santo. Experiments were approved by the
Committee on Care and Use of Experimental Animals
and were conducted in accordance with the guidelines
for care and use of animals of the Federation of Socie-
ties of Experimental Biology (FASEB) and of the Phys-
iological Societies for Research Involving Animals.
These experiments were conducted on 36 adult male
Wistar rats weighing 250^300 g. The animals were di-
vided into 4 groups: 2 that received lidocaine (2%
with 1 : 100,000 epinephrine) and 2 that received ar-
ticaine (4% with 1 : 100,000 epinephrine). These 2
groups were subdivided into 2 others: 1 that was sub-
mitted to a stress stimulus, and the control, which was
not stressed.

Under general anesthesia induced with chloral hy-
drate (40 mg/100 g of body weight), the femoral vein
and artery were catheterized (Polyethylene PE 50, In-
tramedic, Becton Dickinson, Leverton Circle, Md).
These sterile catheters were filled with heparinized sa-
line solution (100 U/mL), and the free ends were tun-
neled subcutaneously, exteriorized, and sutured at the
dorsum of the neck. The cardiovascular parameters of
heart rate (HR) and mean arterial pressure (MAP)
were measured with a disposable blood pressure
transducer (Cobe Laboratories, Lakewood, Colo) con-
nected to a pressure processor amplifier and data-ac-
quisition system (Bio Pac System, Santa Barbara, Cal-
if ). Blood samples were collected via arterial catheters
for gas analysis (Radiometer ABL 555, Copenhagen,
Denmark), and venous catheters were used for drug
administration.

Twenty-four hours after the surgical procedures
were performed, blood samples were collected
(0.3 mL) to determine the pH, PaO2, and PaCO2 val-
ues. After those collections were obtained, the arterial
catheters were connected to the recording setup, and a
period of approximately 30 minutes was allowed for
stabilization of cardiovascular parameters. After the
stabilization period, MAP and HR were monitored for
a period of 10 minutes, and propranolol (1 mg/kg)
and prazosin (1 mg/kg) were administered to block
the cardiovascular effects of the epinephrine con-
tained in the anesthetic solution. Ten minutes after
the IV infusion of beta and alpha blockers, rats in the
stressed group were exposed to 5 minutes of restraint

and the sound of a bell. After these 5 minutes, blood
samples were drawn, and the IV infusion of anesthetic
began at a rate of 0.1 mL/min delivered by infusion
pump (Syringe Pump Model 341B Sage Instruments,
Boston, Mass). The latency of anesthetic toxicity was
measured from the beginning of the anesthetic infu-
sion until the first generalized tonic-clonic seizure. Af-
ter the seizure, the animals received a lethal dose of
thiopental (80 mg/kg IV ).

The primary outcome measured was the time to sei-
zure induction. All data are expressed as mean 6

SEM. Student’s t test was used for comparison of inde-
pendent samples. Differences were judged to be signif-
icant at a level of P , .05.

RESULTS

Before local anesthetic was administered, the sympa-
thetic effects of epinephrine were blocked by IV injec-
tion of the alpha-1 antagonist prazosin and the nonse-
lective beta receptor antagonist propranolol. Prazosin
induced a significant reduction in MAP as compared
with basal values (from 108.4 6 1.7 to 83.3 6

1.4 mm Hg; P , .05). Subsequent administration of
propranolol returned the MAP to close to basal values
(105.7 6 2.2). HR was significantly (P , .05) increased
by prazosin (from 437.16 6 8.6 to 471.27 6 7.2 bpm)
and was returned close to basal values after proprano-
lol. Stress and subsequent administration of anesthetic
elicited no change in MAP or HR after sympathetic al-
pha and beta blockade.

As shown in Figure 1, the time of latency, measured
from the beginning of local anesthetic administration
until the first generalized tonic-clonic seizure, was sig-
nificantly longer with 2% lidocaine in the stressed rats
(4.12 6 0.16 min) than in controls (3.11 6 0.06 min; P

Figure 1. Time course ( latency) between the beginning of
the IV infusion of lidocaine 2% or articaine 4% and the first
tonic-clonic contraction in control and stressed rats. Values
represent the means 6 SEM. *P , .05 when compared with
the respective control group; #P , .05 versus lidocaine con-
trol; and §P , .05 versus lidocaine stressed groups. The sam-
ple size for each group is shown in parentheses.
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, .05). Similarly, the rats that received 4% articaine
had a significant increase in latency in the stressed
group (2.27 6 0.27 min) when compared with con-
trols (1.44 6 0.12 min; P , .05). Independent of the
group (control or stressed), seizures were induced
more rapidly with articaine than with lidocaine (P ,

.05; see Figure 1).
Figure 2 shows the IV doses of lidocaine and arti-

caine required to induce the first tonic-clonic contrac-
tion in control unstressed and stressed rats. Signifi-
cantly more lidocaine had to be administered to elicit
the convulsion for stressed rats (32.50 6 1.48 mg/kg)
than for controls (23.54 6 0.49 mg/kg; P , .05). Sim-
ilarly, with articaine, the stressed rats needed a higher
dose of anesthetic (37.94 6 4.43 mg/kg) than was
needed by controls (25.34 6 2.28 mg/kg; P , .05).
No significant difference could be seen between the
doses of lidocaine and articaine needed to induce the
convulsive response under unstressed or stressed con-
ditions.

As shown in Figure 3, analysis of arterial blood
demonstrated that PaO2 was higher after (113.0 6

2.20 mm Hg) than before (94.0 6 1.90 mm Hg) the
stress period (P , .01). Consequently, the value of
PaCO2 was higher before (36.0 6 0.77 mm Hg) than
after (27.0 6 0.98 mm Hg) the stress period (P , .01).
No difference was observed in blood pH (7.5 6 0.01)
measured before or after stress.

DISCUSSION

Using the model of stress-induced alterations in PaO2

and PaCO2 in conscious Wistar rats, this study investi-
gated the role of stress in seizures induced by toxic
plasma levels of lidocaine and articaine. Using the first
generalized tonic-clonic seizure as the parameter for
the beginning of central toxicity of local anesthetic,
these results show that the time of latency was signifi-
cantly shorter with 4% articaine than with 2% lido-

caine. Decreased latency for the onset of seizure activ-
ity in the articaine group compared with the lidocaine
group most likely can be explained by differences in
concentration between the 2 local anesthetics. The
rate of infusion was the same for both groups
(0.1 mL/min), but because of the 4% concentration
of articaine compared with 2% for lidocaine, the dose
infused was doubled in the same time period for arti-
caine. Therefore, even though the onset of seizures
was more rapid with articaine than with lidocaine, the
dose required to produce seizure activity was similar
for both groups. Thus these results seem to demon-
strate that lidocaine and articaine have equipotent
CNS toxicity. These observations are in agreement
with published recommendations for the same maxi-
mum doses of these 2 drugs in adult humans.13,20

Propranolol and prazosin were administered to
block beta and alpha receptors and thus prevent any
change in cardiovascular parameters induced by the
infused epinephrine. This was confirmed by the mea-
surement of MAP and HR. It is worth noting that with
local anesthetics with epinephrine used in clinical
practice in patients who are not alpha and beta
blocked, cardiac output and blood flow to the brain
may be increased despite a low PaCO2. Therefore the
effects noted in this experimental model may not be
replicated exactly in clinical practice.

In therapeutic doses, local anesthetics do not cause
significant effects in the CNS, but high concentrations
can induce convulsions.21^23 The initial effect on the
CNS is a stimulatory phase, leading to seizure activity
that is followed by an inhibitory response, which is
predominant.7,12,17,21 The brief excitatory activity is
the result of the removal of the selective blockade of
the inhibitory neurons, leaving free the excitatory neu-
ronal cells.24,25

Certain factors are known to affect toxicity. These
include preexistent renal or hepatic failure, sex, age,
blood pressure, arterial PaO2 and PaCO2, type of an-
esthetic and its rate of administration, and stress.26

Stress was the model used in this study. Evidence sug-
gests that physiologic changes, secondary to stress, in-
fluence the convulsive threshold of local anesthet-

Figure 2. Dose ( IV infusion) of lidocaine or articaine to in-
duce tonic-clonic seizure in controls and stressed rats.Values
represent the means 6 SEM. *P , .05 when compared with
the respective control group. The sample size for each group
is shown in parentheses.

Figure 3. Values of PaO2 and PaCO2 measured in the arte-
rial blood of the stressed group before and after the stress
period. **P , .01 when compared with the rest period. The
sample size for each group is 18.
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ics.27,28 These results show that the time of latency for
the beginning of the convulsion in the groups that re-
ceived either lidocaine or articaine was significantly
greater in stressed than in controls. This is consistent
with previously reported findings by others.27 It is be-
lieved that endogenous mechanisms are involved in
the inhibitory effects of stress on different seizure
types.29,30 Acute stress increases the activity of the
central GABAergic system31 and endogenous
opioids.28 Furthermore, stress can modify the phar-
macokinetic properties of the local anesthetics, result-
ing in alterations in free drug plasma concentration
and consequently a change in its bioavailability.32

Of interest in these findings is the observation that
stress increased PaO2 and decreased PaCO2, leading
to a reduction of CNS toxicity for both local anesthet-
ics. It has been shown that increased plasma PaCO2

and consequent changes in the acid-base state caused
an exponential increase in the central toxicity of many
local anesthetic agents.15,16 In this same way Ryan et
al33 affirmed that hypercarbia decreases the convul-
sive threshold of local anesthetic agents. It is also im-
portant to note the cerebral vasculature response to
PaCO2 as a factor affecting toxicity. Decreased
PaCO2, as would be present in the stressed (hyperven-
tilating) subject, would result in a decrease in cerebral
blood flow,which, in turn, would decrease the amount
of drug reaching the brain.

High values of PaCO2 reduce the convulsive thresh-
old in the CNS, but a decrease in the levels of PaCO2

tends to stabilize the membranes of neuronal cells.17,34

Thus, acidosis increases, while alkalosis reduces, the
toxicity of local anesthetics. When the cerebral pH is
decreased (results from elevated PaCO2), this condi-
tion favors formation of the charged (cationic) local
anesthetic species that interact with the sodium chan-
nel of inhibitory neurons in the brain, resulting in CNS
toxicity.16 However, central effects observed may be
dependent on changes in brain due to acidosis.10,35

Catchlove36 studied the influence of CO2 and pH on
local anesthetic action applied to toad nerves, with re-
sults suggesting that CO2 augments local anesthetic
action by affecting diffusion through the cellular mem-
brane, concentrating the local anesthetic inside the ax-
on and converting the anesthetic agent to the active
cationic species.

In conclusion, these results confirm that decreases
in arterial PaCO2 and increases in arterial PaO2 will
increase the convulsive threshold for lidocaine and ar-
ticaine. This study also demonstrated no significant
difference between toxic doses of lidocaine and arti-
caine in this experimental model. This supports the
continued recommendation of equal maximum doses
for these 2 commonly used local anesthetics.
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