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The vasoconstrictive effect due to the addition of epinephrine to local anesthetic
has been clearly shown by measuring blood-flow volume or blood anesthetic
concentration in oral mucosal tissue. However, there are no reports on the
measurement of anesthetic concentration using samples directly taken from the
jawbone and oral mucosal tissue. Consequently, in this study, the effect of lidocaine
concentration in the jawbone and oral mucosal tissue by the addition of epinephrine
to the local anesthetic lidocaine was considered by quantitatively measuring
lidocaine concentration within the tissue. Japanese white male rabbits (n¼96) were
used as test animals. General anesthesia was induced by sevoflurane and oxygen,
and then cannulation to the femoral artery was performed while arterial pressure
was constantly recorded. Infiltration anesthesia was achieved by 0.5 mL of 2%
lidocaine containing 1 : 80,000 epinephrine in the upper jawbone (Eþ) and 0.5 mL
of 2% of epinephrine additive–free lidocaine (E0) under the periosteum. At specified
time increments (10, 20, 30, 40, 50, and 60 minutes), samples from the jawbone,
oral mucosa, and blood were collected, and lidocaine concentration was directly
measured by high-performance liquid chromatography. No significant differences
in the change in blood pressure were observed either in Eþ or E0. In both Eþ and E0

groups, the serum lidocaine concentration peaked 10 minutes after local anesthesia
and decreased thereafter. At all time increments, serum lidocaine concentration in
Eþ was significantly lower than that in E0. There were no significant differences in
measured lidocaine concentration between jawbone and mucosa within either the
Eþ or the E0 groups at all time points, although the E0 group had significantly lower
jawbone and mucosa concentrations than the Eþ group at all time points when
comparing the 2 groups to each other. Addition of epinephrine to the local
anesthetic inhibited systemic absorption of local anesthetic into the blood such that
a high concentration could be maintained in the tissue. Epinephrine-induced
vasoconstrictive effect was observed not only in the oral mucosa but also in the
jawbone.
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During dental and oral surgery, a significant local

anesthetic effect is needed, as not only do the soft

tissues require surgery, but also the hard tissue such as

jawbones because of surgical interventions. In current

clinical dentistry practice, vasoconstrictive agents such
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as epinephrine are commonly added to local anesthetics
to inhibit bleeding from the surgical site and to enhance
local anesthetic efficacy by delaying absorption of the
local anesthetic into the blood and thus prolonging
activity.1–5 Currently, the vasoconstrictor effect due to
the addition of epinephrine to local anesthetic has been
sufficiently confirmed. In most reports, however,
anesthetic concentration in tissue was indirectly con-
sidered by measuring blood-flow volume or serum
anesthetic concentration.1,6–11 In regard to the vaso-
constrictive effect in bone due to the addition of
epinephrine, only a few reports using methods such
as electrodialytical hydrogen clearance and radioiso-
tope measurement have been published,12–14 and no
reported studies have directly measured lidocaine
concentration using samples directly taken from the
jawbone. Consequently, in this study, we studied the
effect of lidocaine concentration in the jawbone and
oral mucosal tissue by the addition of epinephrine to the
local anesthetic lidocaine, by quantitatively determining
lidocaine concentration directly in tissue.

METHODS

Animals

Ninety-six Japanese white rabbits (body weight: 2.65 6

0.3 kg, 16 weeks of age, male) (Nippon Bio-Supp
Center, Tokyo, Japan) were used. The animals were
kept in a controlled animal room at 238C and 60%
humidity, and given free access to feed pellets (MF,
Oriental Yeast, Tokyo, Japan) and drinking water (tap
water) until the experimental day. This study was
performed in accordance with the Animal Experiment

Regulations of Ohu University (Permit No. 2013-49,
2014-29).

General Anesthesia and Experimental Model

General anesthesia was induced with 5% sevoflurane and
oxygen 5 L/min was administered using anesthesia
equipment for small animals (Soft Lander, Shin-Ei
Industries, Tokyo, Japan). A tracheotomy was per-
formed while general anesthesia was maintained by 3%
sevoflurane and oxygen 3 L/min. Cannulation of the
femoral artery was performed, and arterial pressure was
constantly recorded during the experiment using a
polygraph (Sanei Sokki, Tokyo, Japan) and a pressure
transducer (Nihon Kohden, Tokyo, Japan) (Figure 1).

Infiltration Anesthetic Injection and Excision of the
Tissue

Under general anesthesia, a quantitative syringe (Cartri-
Ace, Dentronics, Tokyo, Japan) with an injection needle
(27 G, 0.40 3 19) (Terumo Needle, Terumo, Tokyo,
Japan) was used to administer 0.5 mL of 2% of lidocaine
containing 1 : 80,000 epinephrine (dental xylocaine
cartridge containing 1 : 80,000 epinephrine, Dentsply
Sankin, Tokyo, Japan) or 0.5 mL of 2% of epinephrine
additive-free lidocaine (xylocaine injection polyamp 2%,
Astra Zeneca, Tokyo, Japan) into the right maxillae for
40 seconds. The injection site was the right buccal side of
the third molar (Figure 2). Subperiosteal infiltration
anesthesia was performed by inserting the needle tip to
the jawbone surface beneath the periosteum.

Excision of the periosteum was carried out at specific
time increments (10, 20, 30, 40, 50, and 60 minutes
following local anesthetic injection). Excision of approx-
imately 1 g of the injected site area of the maxilla and
adjacent mucosa regions (from the apical area of third
molar to the infrazygomatic crest) was carried out using
rongeur forceps and the samples were stored at�808C.

Measurement of the Mean Arterial Pressure Before
and After Local Anesthesia Injection

Even under general anesthesia, pain stimuli will affect
arterial pressure,15 and changes in pressure can be
reflected by a polygraph. From polygraphic arterial
pressure data, one-third pulse pressureþdiastolic arterial
pressure was calculated as the mean arterial pressure,
and changes in arterial pressure were assessed 10 and

Figure 1. Method of general anesthesia. General anesthesia
was induced by oxygen 5 L/min and 5% sevoflurane, and then
a tracheotomy was performed, after which general anesthesia
was maintained at oxygen 3 L/min and 3% sevoflurane. A
cannula was inserted into the femoral artery, and arterial
pressure was continuously recorded throughout the experiment
using a polygraph and a pressure transducer.
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20 seconds after infiltration anesthesia of 2% lidocaine
with or without 1 : 80,000 epinephrine to assess mean
arterial pressure changes due to injection pain.

Measurement of the Serum Lidocaine Concentration

After local anesthesia injection, 3 mL of arterial blood
was collected from the femoral artery at specific time
intervals (10, 20, 30, 40, 50, and 60 minutes). The
blood samples were centrifuged, and serum lidocaine
concentration was measured by the enzyme multiplied
immunoassay technique.16–18

Measurement of Tissue Lidocaine Level

Frozen bone and mucosa samples were ground using a
bone mill (TK-CM20S, Tokken, Tokyo, Japan), suspend-
ed with 0.01 M boric acid at pH 9.18, and homogenized
for 2 minutes using a homogenizer (Polytron PT2100,
Kinematica, Luzern, Switzerland). The supernatant (0.5
mL) was combined with 100 lL mexiletine (10 lg/mL)
and then 5 mL of chloroform : methanol (8 : 2) was
added. After mixing, the solution was centrifuged at 3000
rpm (1000g) for 10 minutes. Three milliliters of the
organic layer was collected and dried under reduced
pressure at 408C for 60 minutes using a rotary evaporator
(Eyela, Tokyo Rikakikai, Tokyo, Japan). The sample was
then dissolved in 250 lL of the mobile phase (50 mM
KH2PO4 : CH3CN ¼ 4 : 1), mixed using a mixer, and
then filtered. Lidocaine concentration levels were mea-
sured by high-performance liquid chromatography
(HPLC) (Jasco PU-2080 Plus, JASCO, Tokyo, Japan),
according to the method reported by Piwowarska et al.19

HPLC conditions detailed in the report of Morota et al20

are shown in the Table. Typical chromatograms of
lidocaine from rabbit bone and mucosa samples are
shown in Figure 3. Tissue lidocaine data were converted
to lidocaine concentration level per gram tissue.

Statistical Comparison of Data

Mean arterial pressure, serum lidocaine concentration,
and lidocaine concentration in tissue of the epinephrine
addition group (Eþ) and the epinephrine additive–free
group (E0) were compared. Lidocaine concentration in
jawbone tissue and oral mucosa were also compared.
For statistical analysis, comparison within a group was
performed by Friedman’s test and comparison between
groups by Mann-Whitney U test. Statistical significance
was set at P , .05. Most data in this study did not

Figure 2. Location of infiltration anesthesia: 0.5 mL of 2% of
lidocaine containing 1 : 80,000 epinephrine or 0.5 mL of 2%
of epinephrine additive-free lidocaine was infused into the right
maxillae for 20 seconds. Injection site was the buccal side of the
third molar on both sides (white arrow). Subperiosteal
infiltration anesthesia was performed by touching the needle
tip to the jawbone surface under the periosteum.

Conditions for HPLC Analysis of Lidocaine*

Pump Jasco PU-2080 Plus

Detector Jasco UV-2075 Plus
Sensitivity 0.001 AUFS
Column TOSOH TSK-GEL ODS-100V

15 cm 4.6 mm
Column oven Sugai V-630
Column temperature 408C
Mobile phase 50 mM KH2PO4: CH3CN ¼ 4 : 1
Flow rate 1.0 mL/min
Wave length 205 nm
Degasser AZZOTA AG-12

* HPLC indicates high-performance liquid chromatography;
AUFS, absorbance units full scale.
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indicate normal distributions. Therefore, nonparametric
statistical analysis was used in this study.

RESULTS

Variation in Mean Arterial Pressure by Local
Anesthetic Injection

Mean arterial pressure of the Eþ group was 78.0 6 15.4
mm Hg prior to local anesthetic injection. The obtained
value was 71.3 6 15.4 mm Hg 10 seconds after
injection and 81.1 6 16.2 mm Hg at 20 seconds. No
significant difference was observed. Mean arterial
pressure of the E0 group was 77.1 6 15.0 mm Hg
prior to local anesthetic injection. The obtained value
was 76.8 6 14.7 mm Hg 10 seconds after injection and
75.2 6 15.3 mm Hg at 20 seconds. No significant
difference was observed (Figure 4).

Serum Lidocaine Concentration

Peak serum lidocaine concentration obtained 10 minutes
after local anesthetic injection of the Eþ group was 0.96
6 0.17 lg/mL. Concentration decreased over time at
each time interval after injection as follows: 0.83 6 0.14
lg/mL (20 minutes), 0.71 6 0.13 lg/mL (30 minutes),
0.69 6 0.13 lg/mL (40 minutes), 0.61 6 0.12 lg/mL
(50 minutes), and 0.48 6 0.13 lg/mL (60 minutes).
Peak serum lidocaine concentration obtained 10 minutes
after local anesthetic injection of the E0 group was 1.97
6 0.40 lg/mL. Concentration decreased over time at
each time interval after injection as follows: 1.36 6 0.16
lg/mL (20 minutes), 1.07 6 0.20 lg/mL (30 minutes),
0.97 6 0.15 lg/mL (40 minutes), 0.83 6 0.17 lg/mL
(50 minutes), and 0.66 6 0.16 lg/mL (60 minutes). At
all time intervals, serum lidocaine concentration of the Eþ

group was significantly lower than that for the E0 group.
Blood lidocaine concentration decreased gradually for

the Eþ group, whereas more rapid decrease was observed
for the E0 group after the 10-minute interval. Differences
between the 2 groups gradually decreased (Figure 5).

Lidocaine Concentration in Tissue

Peak lidocaine concentration obtained 10 minutes after
local anesthetic injection in the jawbone of the Eþ group
was 341.9 6 154.5 lg/g. Concentration decreased
over time at each time interval after injection as follows:
277.6 6 121.4 lg/g (20 minutes), 235.6 6 97.9 lg/g
(30 minutes), 163.8 6 72.2 lg/g (40 minutes), 142.4
6 9.8 lg/g (50 minutes), and 71.5 6 39.9 lg/g (60

Figure 3. Chromatogram of lidocaine concentration from oral
mucosa in rabbit in one case.

Figure 4. Change of mean arterial pressure before and after
infiltration anesthesia. No significant difference was observed.

Figure 5. Change of blood lidocaine concentration after
infiltration anesthesia. At all time points, blood lidocaine
concentration in epinephrine addition group (Eþ) was signifi-
cantly lower than that in epinephrine additive–free group (E0).
** P , .01 Eþ versus E0. * P , .05 Eþ versus E0.
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minutes). Peak lidocaine concentration obtained 10
minutes after local anesthetic injection in jawbone of
the E0 group was 114.5 6 73.3 lg/g. Concentration
decreased over time at each time interval after injection
as follows: 83.5 6 59.6 lg/g (20 minutes), 51.3 6

26.2 lg/g (30 minutes), 26.6 6 19.3 lg/g (40 minutes),
22.6 6 18.6 lg/g (50 minutes), and 13.4 6 14.6 lg/g
(60 minutes). At all time intervals, lidocaine concentra-
tion in jawbone of the Eþ group was significantly higher
than that for the E0 group (Figure 6).

Peak lidocaine concentration obtained 10 minutes
after local anesthetic injection in oral mucosa of the Eþ

group was 358.3 6 111.5 lg/g. Concentration de-
creased over time at each time interval after injection as
follows: 303.5 6 111.8 lg/g (20 minutes), 273.1 6

124.8 lg/g (30 minutes), 194.1 6 65.4 lg/g (40
minutes), 149.9 6 28.1 lg/g (50 minutes), and 118.3 6

46.0 lg/g (60 minutes). Peak lidocaine concentration
obtained 10 minutes after local anesthetic injection in
oral mucosa of the E0 group was 155.9 6 128.0 lg/g.
Concentration decreased over time at each time interval
after injection as follows: 81.0 6 75.5 lg/g (20 minutes),
31.9 6 19.3 lg/g (30 minutes), 15.0 6 13.3 lg/g (40
minutes), 15.9 6 18.3 lg/g (50 minutes), and 4.6 6 4.4
lg/g (60 minutes). At all time intervals, lidocaine
concentration in oral mucosa of the Eþ group was
significantly higher than that for the E0 group (Figure 7).

Lidocaine concentration in jawbone of the Eþ group
was lower than that in oral mucosa at all time intervals,
but no significant difference was observed between the
concentration values of both groups (Figure 8). However,
lidocaine concentration in jawbone of the E0 group was
lower than that in oral mucosa only at the 10-minute time

interval. Afterwards, values reversed, and no significant
difference was observed between the concentration values
in jawbone or oral mucosa for both groups (Figure 9).

DISCUSSION

Change in Mean Arterial Pressure by Local
Anesthetic Injection

No significant difference in change in mean arterial
pressure immediately after local anesthetic injection was

Figure 6. Change of lidocaine concentration in jawbone after
infiltration anesthesia. At all time points, lidocaine concentra-
tion in jawbone in epinephrine addition group (Eþ) was
significantly higher than that in epinephrine additive–free
group (E0). ** P , .01 Eþ versus E0. * P , .05 Eþ versus E0.

Figure 7. Change of lidocaine concentration in oral mucosa
after infiltration anesthesia. At all time points, lidocaine
concentration in oral mucosa in epinephrine addition group
(Eþ) was significantly higher than that in epinephrine additive–
free group (E0). ** P , .01 Eþ versus E0. * P , .05 Eþ versus
E0.

Figure 8. Change of lidocaine concentration in jawbone and
oral mucosa in epinephrine addition group after infiltration
anesthesia. Lidocaine concentration in jawbone was lower than
that in oral mucosa at all time points, and no significant
difference was observed between the concentration values of
both groups.
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observed in either the Eþ group or the E0 group.
Ichinohe et al21 reported that epinephrine increased
cardiac output and decreased total peripheral vascular
resistance. It has also been reported that 1 or 2
cartridges of 2% lidocaine with 1 : 80,000 epinephrine
did not increase blood pressure in healthy adults.21

Troullos et al22 reported that local anesthesia with 8
cartridges of epinephrine-containing lidocaine in healthy
adults increased heart rate and systolic blood pressure.
Also, Yamatsuta et al23 reported on the influence of
epinephrine on the peripheral circulation of rabbits
administered 0.2 mL of 1 : 100,000 to 1 : 500,000
epinephrine showing no influence on respiration or
circulation. Morota et al20 reported that intense pain or
epinephrine overdose resulted in significant change in
blood pressure. In this study, rabbits were injected with
0.5 mL of 1 : 80,000 epinephrine-containing lidocaine,
and no significant change in mean arterial pressure was
observed after injection. From this, the amount of
epinephrine used in this study was considered clinically
appropriate. However, although not significant, a
temporary decrease in mean arterial pressure was
observed in the Eþ group after local anesthetic injection.
As reported by Ichinohe et al,21 this is considered to
occur because of b2-adrenergic action, which causes a
temporary decrease in peripheral vascular resistance
along with a decrease in mean arterial pressure, and a-
adrenergic action, which is expressed in peripheral
arteries immediately after the decrease with an increase
in mean arterial pressure up to the value prior to
injection.

Serum Lidocaine Concentration

At all time intervals, serum lidocaine concentration in the
Eþ group was significantly lower than that in the E0

group. Ito10 reported that a significantly higher serum
lidocaine concentration was observed with injection of
plain lidocaine compared to epinephrine-containing
lidocaine. Moreover, time to reach maximum concen-
tration was also found to be longer for epinephrine-
containing lidocaine, and absorption tended to occur at
almost the same rate in both groups after the 60-minute
time interval. In this study, although maximum concen-
tration was observed at the same time in both groups,
serum lidocaine concentration in the Eþ group was
significantly lower than that in the E0 group at all time
intervals, and the significant difference decreased only
after the 50-minute time interval. From the above results,
inhibition of lidocaine migration from tissue to blood
vessel due to the vasoconstrictor effect of epinephrine
was demonstrated.

Lidocaine Concentration in Tissue

Many studies on the vasoconstrictor effect due to the
addition of epinephrine to local anesthetics have been
reported. Most, however, consider concentration in tissue
indirectly by measuring blood-flow volume or serum
lidocaine concentration.10,11 In addition, there are no
reports that directly measure local anesthetic concentra-
tion in tissue. Yasuda et al13 conducted quantitative
analysis by autoradiography, using radioisotope 14C-
labeled lidocaine. According to the report, lidocaine
rapidly dissipated from tissue when administered alone,
but with the addition of epinephrine, lidocaine concentra-
tion was better maintained in the injected areas. A high
concentration was also observed in the adjacent tissue.
However, depending on the radioisotope mixture, diffu-
sion and dissipation rate varied from that of the original
drug. In this study, lidocaine concentration in tissue could
be measured directly by the amount of lidocaine extracted
from tissue using the HPLC method. Vasoconstrictor
effect by epinephrine could also be confirmed by
measuring the actual concentration in tissue. Similar to
the report by Yasuda et al,13 significantly lower lidocaine
concentrations in both jawbone and oral mucosal tissue
were observed in the E0 group in this study as well. This is
reportedly due to the vasodilator effect of lidocaine,24

enhancing rapid absorption into blood vessels and the
systemic circulation. This study also indicated such an
occurrence. Local blood-flow volume decreases and
lidocaine absorption is assumed to be inhibited because
of the vasoconstrictor effects of epinephrine, and this
results in a significantly higher lidocaine concentration in
tissue.

Regarding cortical bone, Ogawa et al25 reported that
more time is required for local anesthetics to reach into

Figure 9. Change of lidocaine concentration in jawbone and
oral mucosa in epinephrine additive–free group after infiltration
anesthesia. Lidocaine concentration in jawbone was lower than
that in oral mucosa only at the 10-minute time point. Values
thereafter were reversed, and no significant difference was
observed between the 2 concentration values of both groups.
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bone with infiltration injection. Local anesthetic injected
beneath the periosteum infiltrates into jawbone through
the cortical bone until reaching the bone marrow, and is
then absorbed into capillaries over time.26 Because the
insertion site in this study is beneath the periosteum and
more lidocaine infiltrates into the mucosa than through
the cortical bone, a significantly lower lidocaine concen-
tration value in the jawbone was expected. Although no
significant difference was observed, interesting results
were obtained. Lidocaine concentration in the jawbone
in the Eþ group was lower than that in the oral mucosa
for all time intervals. However, lidocaine concentration
in the jawbone in the E0 group was lower than that in
oral mucosa only at the 10-minute time interval. After
that point in time, values reversed. It has been reported
that a large amount of local anesthetic is rapidly
absorbed into tissues with large blood flow.1 Therefore,
lidocaine concentration was expected to rapidly decrease
in mucosa rich in blood vessels, and the concentration in
the jawbone would decrease more gradually. Although
the vasoconstrictor effect of epinephrine was observed in
both the jawbone and oral mucosa, it has been observed
that the vasoconstrictor effect was slightly weaker in the
jawbone than in the mucosa because blood flow in the
jawbone is lower than in the mucosa.27 In Japan,
1 : 80,000 epinephrine is the most commonly used
concentration in dental procedures. Therefore, we used
2% lidocaine with 1 : 80,000 epinephrine in this study.
However, a concentration of 1 : 100,000 or
1 : 200,000 epinephrine with local anesthetics is often
used in other countries. In addition, use of concentra-
tions greater than 1 : 200,000 has been suggested for
routine dentistry.28 Consequently, if a concentration of
1 : 100,000 or 1 : 200,000 epinephrine was used for
this study, observation of a similar tendency as that
shown in our results is presumed.

Future tasks include further clarification of evidence of
the vasoconstrictor effect of epinephrine in jawbone by
measuring epinephrine concentration in the jawbone,
and confirmation of actual histology. If definitive
vasoconstrictor effect in tissue can be confirmed with a
minimal concentration of epinephrine, this will be a
valuable study to decrease circulatory complications in
patients with severe cardiovascular disease.

CONCLUSION

The effect on lidocaine concentration in jawbone and
oral mucosal tissue by the addition of epinephrine to
local anesthetic lidocaine was evaluated through direct
quantitative determination of lidocaine concentration in
tissue. As a result, high lidocaine concentration in tissue
could be maintained by adding epinephrine to lidocaine.

Epinephrine-induced vasoconstrictor effect was observed
not only in the oral mucosa but also in the jawbone.
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