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Background: We evaluated the changes in mean arterial pressure (MAP) and heart rate (HR), and the anesthetic
and hemostatic effects, after injection of 2% lidocaine containing various concentrations of epinephrine in rats
and mice to determine the appropriate concentration of epinephrine in various anesthetic mixtures.
Methods: Rats and mice were randomly allocated to experimental groups: 2% lidocaine without epinephtine
L0), 2% lidocaine with epinephrine 1:200,000 (I1.200), 1:100,000 (1.100), and 1:80,000 (I.80). Changes in MAP
and HR after administration of the anesthetic mixture were evaluated using a physiological recording system
in rats. Onset and duration of local anesthesia was evaluated by pricking the hind paw of mice. A spectrophotometric
hemoglobin assay was used to quantify the hemostatic effect.

Results: MAP increased in response to epinephrine in a dose-dependent manner; it was significantly higher
in the L80 group than in the LO group at 5 min post-administration. The HR was relatively lower in the
LO group than in the L80 group. The time required for onset of action was < 1 min in all evaluation groups.
The duration of action and hemostatic effect of the local anesthetic were significantly better in the 1.200, L1100,
and L80 groups than in the L0 group.

Conclusion: 1.200 demonstrated relatively stable MAP and HR values with satisfactory efficacy and hemostatic
effect. 1.200 might be a better local anesthetic for dental patients in terms of anesthetic efficacy and safety.
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INTRODUCTION

Lidocaine is one of the preferred local anesthetic agents
in the field of dentistry. The advantages of lidocaine
include its quick onset, acceptable duration of action, and
excellent safety profile. Despite rare occurrence of
toxicity, excessive doses of lidocaine influence function

of the cardiovascular and central nervous systems in a
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dose-dependent manner [1]. Addition of epinephrine to
lidocaine reduces the local blood flow, resulting in
vasoconstriction, and rapid onset and increased duration
of action, by decreasing systemic absorption of lidocaine
[2]. The provision of a clear operative field due to reduced
bleeding at the operating site is another beneficial effect
of using vasoconstrictors. However, unfavorable hemo-
dynamic changes such as tachycardia, increased blood

pressure (BP), and cardiac contraction force can be
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observed due to systemic absorption of exogenous
epinephrine in the local anesthetic, especially in subjects
with hypertension [3,4]. Low concentration of epine-
phrine is preferred in patients for whom it may be
desirable to limit the epinephrine burden, such as those
with cardiovascular diseases.

There are different views regarding optimal concent-
ration level of epinephrine in lidocaine for safety and
efficacy in dentistry. Comparative studies have reported
effects of local anesthetics and concentrations of lidocaine
[5,6]. Although the degree of anesthesia for inferior
alveolar nerve block was not statistically different among
the treatment groups of 1:50,000, 1:80,000, and 1:100,000
epinephrine with 2% lidocaine [7], the effect of 1:200,000
epinephrine with 2% lidocaine has not been established
yet. In this study, we compared changes of hemodynamic
variables after administration of various epinephrine
concentrations contained in 2% lidocaine in rats. In
addition, local anesthetic and hemostatic effects of
lidocaine containing various concentrations of epine-

phrine were investigated in mice.

MATERIALS AND METHODS

1. Animals

Male Sprague-Dawley rats (Orient Bio Inc., Gyunggi-do,
Korea) with 300-350 g body weight, and male ICR mice
(Orient Bio Inc., Gyeonggi-do, Korea) with 30-35 g body
weight were housed in specific pathogen-free barrier
cages with free access to food and water. The cages were
covered with soft bedding and maintained in an
environmental room equipped with programmed 12-h
light cycle (7 am / 7 pm) at constant temperature (23°C)
and humidity (50%). All experimental procedures were
performed according to the ethical guidelines for the use
of animals in research of the International Association
for the Study of Pain. The study protocol was reviewed
and approved by the Institutional Animal Care and Use
Committee of Seoul National University (SNU130104-3-1).

Rescue analgesia was provided with tramadol. Investi-
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gators were blinded to experimental groups during the
entire course of study.

Rats and mice were randomly allocated to four groups
each, according to concentration of epinephrine added to
2% lidocaine using a table of random numbers: 2%
lidocaine without epinephrine (LO), 2% lidocaine with
1:200,000 epinephrine (L200), 2% epinephrine with
1:100,000 epinephrine (L100), and 2% epinephrine with
1:80,000 epinephrine (L80). Changes in BP and heart rate
(HR) were observed after administration of lidocaine
containing different concentrations of epinephrine in all
groups of rats. Onset and duration of anesthetics and
degree of bleeding from incision site were evaluated in
all groups of mice. Lidocaine containing various
concentrations of epinephrine was supplied by Huons Co.,
Ltd. (Gyunggi-do, Korea). Lidocaine cartridges were
covered with a white strip to blind investigators from

information on the anesthetic solution.
2. Measurement of BP and HR

Rats (n = 9-10 per group) were anesthetized with intra-
peritoneal injection of urethane (1.5 g/kg) (Sigma-Aldrich,
St Louis, MO, U.S.A.) and placed on a heating pad
(Homeothermic Blanket System, Harvard Apparatus,
Holliston, MA) to maintain constant rectal temperature
(37 £ 0.5¢C). Catheters were placed in the left carotid
artery for measurement of systemic arterial BP (IWX214
Data Recorder, iWorx/CB Sciences Inc., Dover, NH,
U.S.A)). After system calibration and 10-min equilibration
period, baseline values for arterial BP and HR were
measured. Subsequently, lidocaine (7 mg/kg) containing
a selected concentration of epinephrine was injected over
1 min into the mandibular gingivobuccal fold, using a
31-gauge needle. BP and HR were continuously measured
for 10-min after administration of the anesthetic mixture.
Alterations in arterial pressure and HR were expressed
as percent change from the mean arterial pressure (MAP)

and HR at baseline, respectively, of each study subject.
3. Local anesthetic effect

To examine local anesthetic effect of each mixture,
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pricking mechanical stimuli with a 10 g of von Frey
filament (North Coast Medical Inc., Morgan Hill, CA.
U.S.A.) were applied to the plantar surface of the hind
paw [8] of mice. Each mouse (n = 10 per group) was
placed on a metal mesh floor to allow habituation for
20 min. Mice with signs of hypersensitivity or freezing
reactions to the von Frey test were excluded from the
experiment. Lidocaine (7 mg/kg) containing any concen-
tration of epinephrine were injected into the subcutaneous
tissue on the plantar surface of the hind paw with slow
infiltration using a 31-gauge needle, followed by
mechanical stimulation every 30 s using a von Frey
filament, with a strength that bends the filament slightly.

4. Analysis of hemostatic effect

Mice (n = 11 per group) were anesthetized with
intra-peritoneal injection of urethane (1.5 g/kg). Lido-
caine (7 mg/kg) containing known concentration of
epinephrine was administered in the right thigh region
with slow infiltration using a 31-gauge needle. At 2-min
after administration, thigh muscles were cut to 1-cm
length with #11 scalpel blade. Capillary bleeding from
the incised muscle was absorbed for 3 min using filter
paper of size 3 mm x 30 mm (Advantec no. 2; Toyo
Roshi Kaisha Ltd., Tokyo, Japan) that were pre-treated
by soaking in 0.04% heparinized saline to prevent blood
coagulation during the experiment. The hemolyzed red
blood cell lysate was isolated from the filter paper using
Cyto Buster Protein Extraction Reagent (Novagen,
Madison, WI, U.S.A), overnight. The released hemo-
globin in the supernatant was quantified at 540 nm using
a microplate X340, BioTek
Instruments Inc., Winooski, VT, U.S.A.).

reader (PowerWave

5. Statistical analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) software (version
21.0, SPSS Inc., Chicago, IL, U.S.A.). MAP and HR were
analyzed using one-way ANOVA followed by Tukey post
hoc test. Kruskal-Wallis test followed by Dunn’s multiple

comparisons test was used for analysis of the local
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Fig. 1. Percent change of mean arterial pressure (A) and heart rate (B)
in rats after injection of 2% lidocaine without or with various
concentrations of epinephrine. *P < 0.05 vs. LO (one-way ANOVA
followed by Tukey post hoc test). Results are presented as mean =
SD.

anesthetic and hemostatic effects. All data are expressed
as mean + SD. P < 0.05 was considered statistically

significant.

RESULTS

1. Measurement of MAP and HR

To evaluate effect of lidocaine-epinephrine mixture on
the cardiovascular system in rats, we analyzed time-
dependent changes in the MAP and HR. The effect of
anesthetic mixture for 10 min after administration on the
MAP in rats is illustrated in Fig. 1(A). Increasing
concentration of epinephrine showed positive correlation
with the degree of MAP increase. Five minutes after
administration of anesthetic mixture, the MAP of the L80
group was significantly increased compared to that of the
LO group (P < 0.05). A concentration-dependent increase
in MAP by epinephrine-lidocaine mixtures was observed
in all groups.

The percent change in HR for 10 min post-admini-
stration is shown in Fig. 1(B). The HR of LO showed
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Fig. 2. Onset and duration of local anesthetic action in mice injected
with 2% lidocaine without or with various concentrations of epinephrine.
N = 10 per group. *P < 0.05 and **P < 0.01 vs. LO (Kruskal-Wallis
test followed by Dunn’s multiple comparisons test). Results are presented
as median, interquartile range, and full range.

0.20 -
Z 015 1
‘7\ * k% *
%
2 0.10 1 T —|_
E il
2
< 005 - 1 - T
0.00
Lo 1200 L100 L80

Fig. 3. Hemostatic effect on mice after injection of 2% lidocaine without
or with various concentrations of epinephrine. N = 11 per group. *P
< 0.05 and **P < 0.01 vs. LO (Kruskal-Wallis test followed by Dunn’s
multiple comparisons test). Results are presented as median, interquartile
range, and full range.

gradual decrease; whereas, that of 100 and L80 showed

slight increase, without significant group-wise difference.
2. Local anesthetic effect

To determine the effect of epinephrine on the onset
and duration of anesthetic action, in all mice, the hind
paw was pricked with a von Frey filament after
administration of an anesthetic mixture. In each group,
the onset of anesthetic action was < 1 min; and the
duration of action of L200, L100, and L80 was
significantly greater than that in LO (Fig. 2).
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3. Analysis of hemostatic effect

To investigate the hemostatic effect of lidocaine
without or with various concentrations of epinephrine, the
amount of capillary bleeding from the incision site at the
mouse thigh for 3 min was measured. The absorbance
at 540 nm was significantly lower in L200, L100, and
L80 than that in LO (Fig. 3).

DISCUSSION

In this study, the effect of various concentrations of
epinephrine in 2% lidocaine on the hemodynamics,
anesthetic effect, and hemostasis was investigated. L200
showed consistent low values of MAP and HR than L100
or L80. The duration of anesthesia and hemostatic effect
of 1200, L100, or L80 were superior to those of the
epinephrine free group, LO.

In modern society, the need for dental treatment has
increased due to change of eating habits, elongation of
life expectancy, and pursuit of better quality of life; thus,
importance of anesthetics has been emphasized. Indiscreet
usage of anesthetics is harmful to vital organs in our body
and could be life threatening [9,10]. It may be necessary
to select the optimal concentration of epinephrine in local
anesthetics according to the health conditions of indi-
vidual patients.

Lidocaine containing 1:80,000 or 1:100,000 epine-
phrine has been widely used for local anesthesia in
dentistry. Lidocaine, an amide-type local anesthetic agent
that has been in use since 1948, is less efficient in
duration and effectiveness than tetracaine. However, it is
adequate for use in dental treatments with mild toxicity
[11,12]. For sustained anesthesia and hemostasis in
surgical patients, in general, lidocaine is mixed with a
small amount of epinephrine [13,14]. Bader et al. [4]
reported that epinephrine concentrations of 1:80 000 and
1:100,000 in the dental local anesthetic cartridge are
unnecessarily high. Because epinephrine is a hormone

and a neurotransmitter, intra-operative over dose may
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cause elevated BP and HR due to stimulation of the
sympathetic nerve system [15,16].

We estimated the biological safety of lidocaine with
1:200,000 epinephrine through evaluation of hemody-
namic parameters in an animal model. Fig. 1(A) presents
the changes of BP in each group at 1-min intervals for
10 min after injection. Evaluation of BP is one of the
most sensitive assays for the response to epinephrine
levels. In this study, MAP was increased in response to
epinephrine in a dose-dependent manner. It suggests that
the epinephrine contained in L100 or L80 could be the
cause of the raised BP.

There was no change in HR in the L200 and L100
groups; however, the HR was slightly increased in the
L80 group, while that in the LO group was decreased.
Salonen et al. [17] and Meechan et al. [18] demonstrated
absence of hemodynamic response to lidocaine with
epinephrine in healthy young patients. In addition, Niwa
et al. [19] reported that intraoral injection of 1.8 mL of
2% lidocaine with 1:80,000 epinephrine was safe in
patients with cardiovascular disease; however, the volume
of epinephrine used in their study was less than that used
clinically. Kohler et al. [20] reported that negative
cardiovascular effects could be followed by systemic
absorption of drug in some patients with cardiac diseases.
In our study, the maximum local anesthetic lidocaine
dosage was 7 mg/kg. Administration of L100 or L80 with
a large volume might lead to adverse effects in patients
with cardiac diseases. Gerlach et al. [21] suggested that
epinephrine-containing anesthetics should be used under
consideration of the cardiac condition of each patient;
thus, minimum dosage of epinephrine is indicated in
patients with significant cardiac diseases.

Despite differences in MAP or HR values based on
the epinephrine concentration, all treatments containing
epinephrine had extended duration of anesthetic action
than that of LO. Wakita et al. [22] conducted the pinprick
test and von Frey test in the medial antecubital skin for
evaluation of anesthetic effect of 2% lidocaine with
1:80,000, 1:160,000, and 1:320,000 epinephrine. Level of

pricking pain using the visual analogue scale was

significantly lower compared with baseline values in the
groups with 1:80,000 and 1:160,000 epinephrine, but not
in groups with 2% lidocaine alone or 1:320,000 epine-
phrine.

Reduced bleeding was observed in groups containing
epinephrine compared to that in LO. Injected epinephrine
at the surgical site can reduce bleeding by stimulating
the al adrenergic receptors [23,24]. L200 had comparable
hemostatic effect with L100 and L80, which indicated
that the local anesthetic effect of L200 may be sufficient
for use in clinical dental treatment.

This study has several limitations. First, the study was
conducted in an experimental animal model. In the
patient’s model, the degree of bleeding is quite extensive
depending on the surgical site, procedure, and operating
time. However, in a previous study comparing L.200 and
L80 in human subjects, L200 had better safety with regard
to hemodynamic parameters than that of L80 [25]. In this
study, the hemostatic effect was evaluated in an objective
manner by using consistent procedure. Second, Sprague-
Dawley rats used in this study were healthy. Adverse
effects induced by epinephrine are more common in
subjects with cardiovascular diseases. Further studies
using cardiovascular disease animal model, such as rats
with spontaneous hypertension, are needed. Third, vital
signs were recorded for up to 10 min after injection due
to consistency in findings for 5 min. Hence, observation
of different tendency in hemodynamic change after 10
min is possible.

Our results indicated that the L100 and L80 local
anesthetic mixtures containing higher concentration of
epinephrine, showed unfavorable hemodynamic changes
including increases in MAP and HR. L0, plain lidocaine,
had short duration of anesthetic action. L200 demon-
strated relatively stable MAP and HR wvalues with
satisfactory action duration and hemostatic effect. In
conclusion, L200 might be a better local anesthetic for

dental patients in terms of anesthetic efficacy and safety.
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