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- Abstract - 

 

Comparative Evaluation of Efficacy and 

Safety on 2% Lidocaine with Various 

Concentrations of Epinephrine 

 

 

Min Young Kim 

Department of Dental Anesthesiology 

The Graduate School  

Seoul National University 

 

Despite safe and efficient use of local anesthesia is essential in dentistry, the optimal 

concentration of epinephrine contained in 2% lidocaine has not been established. Currently, 

2% lidocaine containing 1:100,000 and 1:80,000 of epinephrine are widely used in clinical 

treatment. Some studies reported that high concentration of epinephrine in anesthetics 

might cause cardiovascular risk. In this study, the changes of blood pressure and heart rate, 

anesthetic and hemostatic effect after injection of 2% lidocaine containing various 
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concentrations of epinephrine were evaluated in rats and mice to find out an appropriate 

concentration of epinephrine in anesthetic mixture: 2% lidocaine without epinephrine (L0), 

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). 

The changes of mean arterial pressure (MAP) and the heart rate after administration of 

the anesthetic mixture were monitored and calculated using a physiologic recording system 

in rats. Duration of local anesthetic effect was evaluated by pricking the hind paw of the 

mouse. A spectrophotometric hemoglobin assay was used to objectively quantify 

hemostatic effect of anesthetic mixture. 

The MAP was increased in a dose-dependent manner in response to epinephrine. L0 and 

L200 showed relatively consistent in MAP, while MAP in L100 and L80 were slightly 

elevated. The MAP of L80 showed significant increase in comparison with that of L0. The 

heart rate was relatively decreased in L0, and increased in L80. The hemodynamic 

responses about the changes of MAP and heart rate resulted in relatively consistent in L200. 

The onset of action was shorter than one min in all groups. In the presence of epinephrine 

(L200, L100, and L80), the action duration and hemostatic effect of local anesthetics were 

significantly improved compared with L0. 
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In conclusion, L200 is as effective as L100 or L80, and may be recommended in patients 

with cardiovascular disease and in elderly patients susceptible to epinephrine. 

 

Key words: Anesthetics, Local; Lidocaine; Epinephrine; Arterial Pressure; Hemostasis 

Student number: 2012-21817 
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INTRODUCTION 

 

Local anesthetics have been extensively used in clinical dental treatment for pain 

control and categorized into two types which are ester and amide. The most 

commonly used local anesthetic in dentistry is lidocaine (also called xylocaine or 

lignocaine) (Lustig and Zusman, 1999; Anesthetics, 2002). Lidocaine was the start 

drug of the amide type to be introduced into clinical practice, and has a 

characteristic of fast onset and moderate duration of anesthetics. Lidocaine is 

available in solutions varying from 0.5 to 4 percent. Among these various 

concentrations, 2% lidocaine solutions may be especially useful when a less 

volume is injected (Anesthetics, 2002). 

The addition of a vasoconstrictor to local anesthetic solution increases the depth 

and duration of local anesthesia by decreasing systemic absorption (Robert and 

Ronald, 2000; Charlton et al., 2007). Another benefit of using vasoconstrictors is a 

provision of a clear operative field by reducing bleeding from the operating site 

(Sveen, 1979; Syal, 2011) and could provide routinely for patient comfort (Cawson 

et al., 1983). Among the combination of various vasoconstrictors and local 
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anesthetics, epinephrine-containing 2% lidocaine is most commonly used world 

widely. 

However, anesthetic solutions containing epinephrine may cause adverse effects 

in patients with hemodynamic changes such as tachycardia and hypertension. 

These can be observed especially in hypertensive patients because of systemic 

absorption of epinephrine (Clough, 1920; Hasse et al., 1986; Murakawa et al., 

1998). Also, the patients with aortic regurgitation, mitral insufficiency, 

exophthalmic goiter, or arteriosclerosis need cautions for the use of epinephrine 

containing local anesthetics (Bloom, 1934). More seriously, epinephrine could 

cause acute myocardial infarction (Christensen and Videbaek, 1974; Sorkin et al., 

1982) in patients with underlying coronary artery disease during dental treatments. 

Interestingly, there is considerably disparity in views regarding which 

concentration of epinephrine in lidocaine is optimal for safe and efficient local 

anesthesia to be used in dentistry. In this study, we have compared the changes of 

heart rate and blood pressure, anesthetic duration and amount of bleeding after the 

injection of 2% lidocaine without epinephrine (L0), 2% lidocaine with 1:200,000 

epinephrine (L200), 2% epinephrine with 1:100,000 epinephrine (L100), and 2% 
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epinephrine with 1:80,000 epinephrine (L80) were performed in vivo. 
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MATERIALS AND METHODS 

 

1. Animals 

Male Sprague-Dawley rats (Orient Bio Inc., Gyunggi-do, Korea) weighing 300–

350 g and male ICR mice (Orient Bio Inc., Gyeonggi-do, Korea) weighing 30–35 g 

were housed in specific pathogen-free barrier facilities and allowed free access to 

food and water. The cages were covered with soft bedding and maintained in an 

environmental room equipped with a programmed 12 h light cycle (7 am/7 pm) at a 

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 International Association for the Study of Pain and Institutional Animal 

Care and Use Committee of Seoul National University. Rescue analgesia was 

provided with tramadol: rescue analgesic was never administered. Investigators 

were blinded to experimental groups when undertaking all experiments. 

 

2. Group setting and Drugs 

Rats and mice were randomly allocated into four groups, respectively, according 
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to the concentration of epinephrine added to 2% lidocaine using a table of random 

numbers: 2% lidocaine without epinephrine (L0), 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). Each experiment was independently 

performed on individual parts of rats and mice as shown in figure 1. Changes of 

heart rate and blood pressure after administration of lidocaine containing any 

concentration of epinephrine were observed on each group of rats. Anesthetic 

duration and degree of bleeding from incision site after treatment of lidocaine 

containing any concentration of epinephrine were evaluated in mice. Lidocaine 

cartridges were covered with a white strip to prevent study administrators from 

reading any information pertaining to the anesthetic solution. Lidocaine containing 

various concentrations of epinephrine was generously supplied by Huons Co., Ltd. 

(Gyunggi-do, Korea).  

 

3. Measurement of blood pressure and heart rate 

Rats (n = 9−10 in each group) were anesthetized with intra-peritoneal injection 

of 1.5 g/kg of urethane (Sigma-Aldrich, St Louis, MO) and placed on a heating pad 
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(Homeothermic Blanket System, Harvard Apparatus, Holliston, MA) to maintain a 

constant rectal temperature (37 ± 0.5℃) and oxygen level to control the 

experimental conditions. Catheters were placed in a left carotid artery for 

measurement of systemic arterial blood pressure (IWX214 Data Recorder, 

iWorx/CB Sciences Inc., Dover, NH). After calibration of the system and a 10 min 

equilibration period, baseline values for arterial blood pressure and heart rate were 

measured each. Then 7 mg/kg of lidocaine containing any concentration of 

epinephrine (Klein, 1990) was injected into the mandibular gingivobuccal fold, 

using a 31-gauge needle, over 1 min. The blood pressure and heart rate were 

continuously measured for 10 min after the administration of anesthetic mixture. 

Alterations in mean arterial pressure (MAP) and heart rate were expressed as 

percent changes in the baseline mean arterial pressure and heart rate of each subject, 

respectively. 

 

4. Local anesthetic effect 

To examine the local anesthetic effect of each mixture, pricking mechanical 

stimuli with a 10 g von Frey filament (North Coast Medical Inc., Morgan Hill, CA) 
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were applied to the plantar surface of hind paw (Lee et al., 2013). Each mouse (n = 

10 in each group) was placed on a metal mesh floor to allow habituation for 20 min. 

Before local anesthetic injection, mice shown sign of hypersensitivity or freezing 

reaction were excluded from the experiment when the plantar surface of hind paw 

were touched by von Frey hair. Seven mg/kg of anesthetic mixture was injected 

into subcutaneous tissue on the plantar surface of hind paw with a slow infiltration 

using a 31-gauge needle, and it was stimulated mechanically using a von Frey 

filament with a strength that bends the filament slightly every 0.5 min.  

 

5. Analysis of bleeding 

Mice (n = 11 in each group) were anesthetized with intra-peritoneal injection of 

1.5 g/kg of urethane. Two min after administration of 7 mg/kg of anesthetic 

mixture onto right thigh region with a slow infiltration using a 31-gauge needle, 

thigh muscle was cut 1 cm in length with a scalpel blade #11. Capillary bleeding 

from the incised muscle was absorbed by a specially treated-filter paper (Advantec 

no.2; Toyo Roshi Kaisha Ltd., Tokyo, Japan) for 3 min. These filter papers, each 

sized 3 mm × 30 mm were soaked in 0.04% heparinized saline to prevent 
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coagulation of blood during the experiment. The hemolytic lysate of red blood cells 

was isolated overnight from the filter paper using CytoBuster Protein Extraction 

Reagent (Novagen, Madison, WI). The released hemoglobin in the supernatant was 

quantified at 540 nm using a microplate reader (PowerWave X340, BioTek 

Instruments Inc., Winooski, VT). 

 

6. Statistics 

Statistical analysis was performed using the SPSS (version 21.0, SPSS Inc., 

Chicago, IL) software. Mean arterial pressure and heart rate 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 local anesthetic 

effect and hemostatic effect. All data are expressed as the mean±SD. P < 0.05 was 

considered statistically significant. 
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RESULTS 

 

1. Measurement of MAP and heart rate 

To evaluate the effect of lidocaine-epinephrine mixture on cardiovascular system 

in rats, we analyzed the changes in mean arterial pressure (MAP) and heart rate in a 

time-dependent manner. Figure 2A showed trimmed carotid artery we used, and 

figure 2B presented the representative blood pressure data of each drug group 

through physiologic recording program. The effect of MAP of anesthetic mixture 

on rats was illustrated in figure 3. The data are plotted for 10 min after the 

administration of anesthetic mixture. As increasing concentration of epinephrine, 

the rising degree of MAP was increased. Five min after administration of anesthetic 

mixture, the MAP of L80 was significantly increased compared to that of L0 (P < 

0.05). The concentration-dependent elevation of MAP was evoked by epinephrine-

lidocaine mixtures. 

As shown in figure 4, the heart rate was represented with percent change for 10 

min. The heart rate of L0 was decreased gradually, and that of L100 and L80 

groups was slightly increased. However, there was no statistically significant 
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difference between each group. 

 

2. Local anesthetic effect 

To assess whether epinephrine would influence the onset and duration of 

anesthetic action, we pricked the hind paw of mouse with von Frey filament after 

administration of anesthetic mixture. Figure 5 represents the tools we used and total 

procedure of this experiment. As shown in figure 6, the onset of anesthetic action in 

each group was less than 1 min and there were no statistically significant 

differences between initiation times of all four groups. The duration of action of L0, 

epinephrine-free group, was 6.5 min and it was the shortest time than any other 

group. However, the duration times of L200, L100 and L80 groups were 8.7, 8.6 

and 9.4 min respectively. Within epinephrine-containing groups, the duration of 

action was significantly prolonged because of the effect of epinephrine. 

 

3. Analysis of hemostatic effect 

To investigate the hemostatic effect of lidocaine without or with various 

concentrations of epinephrine, we measured the amount of capillary bleeding from 



 11 

the incision site of a mouse for 3min. The experiment was carried on the femoral 

region of mouse and the blood after incision was absorbed by specially prepared 

filter paper (Figure 7A). The absorbance at 540 nm was significantly lower in L200, 

L100 and L80 than in lidocaine only group as shown in figure 7B. 
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Figure 1. Schematic diagram illustrating rat cannulation and 

mouse variable monitoring 

At each experiment, all rats and mice were allocated into four drug groups 

randomly and independently conducted on individual parts. 
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Figure 2. Measurement of blood pressure and heart rate 

Left carotid artery of anesthetized rats was stripped and inserted with a 

polyethylene tube connected to recording program (A). The representative data of 

each group were presented on B. 
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Figure 3. Analysis of mean blood pressure 

Percent change of mean arterial pressure in rats after injection of 2% lidocaine with 

or without various concentrations of epinephrine. *P < 0.05 vs. L0 (one-way 

ANOVA followed by Tukey post hoc test). Results are presented as the mean±SD. 
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Figure 4. Analysis of heart rate  

Percent change of heart rate in rats after injection of 2% lidocaine with or without 

various concentrations of epinephrine. *P < 0.05 vs. L0 (one-way ANOVA 

followed by Tukey post hoc test). Results are presented as the mean±SD. 
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Figure 5. Local anesthetic test 

Each drug was injected into hind paw of mouse (A, B). Then, the mouse was 

placed on the metal mesh floor (C). The surface of paw was pricked by von Frey 

hair every minute until 11 min (D, E). 
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Figure 6. Local anesthetic effect 

Onset and duration of local anesthetic action on mice after injection of 2% 

lidocaine with or without various concentrations of epinephrine. n=10 in each 

group. *P < 0.05 and **P < 0.01 vs. L0 (Kruskal-Wallis test followed by Dunn’s 

multiple comparisons test). Results are presented as median, interquartile range and 

full range. 
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Figure 7. Hemostatic effect 

The hair of thigh on mice was trimmed. After drug injection onto femoral region, 

the blood was collected by heparin treated filter paper on incised section (A). 

Hemolysis assay on mice after injection of 2% lidocaine with or without various 

concentrations of epinephrine. n = 11 in each group. *P < 0.05 and **P < 0.01 vs. 

L0 (Kruskal-Wallis test followed by Dunn’s multiple comparison test). Results are 

presented as median, interquartile range and full range (B). 
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DISCUSSION 

 

In this study, we investigated the effect of epinephrine with various 

concentrations in 2% lidocaine on the hemodynamics, anesthetic effect and 

hemostasis. L200 showed consistent aspect of MAP and heart rate, and duration of 

anesthesia and hemostatic effect of L200, L100, or L80 were superior to L0, 

epinephrine-free group.  

In modern society, the need of dental treatment is increased due to the change of 

food way, elongation of life expectancy, and pursuit of the better life, thus the 

importance of anesthetics has been more emphasized. Indiscreet usage of 

anesthetics is harmful to vital organs in our body and even it could be a threat to 

someone’s life (DaublÃ, 1997; Kaufman et al., 2000). It may be necessary to apply 

local anesthetics suitable for individual health conditions. 

In dental area, the lidocaine containing 1:80,000 or 1:100,000 of epinephrine 

have been widely used for anesthetics. Lidocaine is amide-type local anesthetics 

from 1948, less efficient in duration and effectiveness than tetracaine, however still 
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has enough continuation with mild toxicity (McLure and Rubin, 2005; Sobanko et 

al., 2012). Lidocaine is usually needed to be mixed with small amount of 

epinephrine in order to expect sustained anesthesia and hemostasis for less bleeding 

during surgical operations (Carvalho et al., 2007; Ghali et al., 2008). Bader et al. 

(2002) pointed out that the concentrations of epinephrine in 1:80,000 and 

1:100,000 are too high for medications. Because epinephrine is hormone, also 

neurotransmitter, overdosage of epinephrine during operation can cause elevated 

blood pressure and heart rate via stimulation of sympathetic nerve system (Serrera 

et al., 2012; Neema and Kapur, 2013).  

We estimated biological safety of lidocaine with 1:200,000 of epinephrine 

through hemodynamic experiments in animal model. Figure 1(A) presented the 

changes of blood pressure in each group at one-min intervals for 10 min after the 

injection. Blood pressure is one of the most susceptible hemodynamic variables 

respond to the amount of epinephrine. In this study, the MAP was increased in a 

dose-dependent manner in response to epinephrine. Although MAP of L100 and 

L80 was increased after administration of anesthetic mixture, that of L0 and L200 

little changed for 10 min. It suggests that epinephrine contained in 1:80,000 or 
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1:100,000 epinephrine-lidocaine mixture could raise blood pressure. There was no 

change of heart rate in L200 and L100. The heart rate of L80 was slightly increased, 

while that of L0 was decreased. Salonen et al. (1988) and Meechan et al. (2002) 

demonstrated that no distinctive hemodynamic response to lidocaine with 

epinephrine was observed in healthy young patients. Niwa et al. (2001) also 

reported that intraoral injection of 1.8 mL of 2% lidocaine with 1:80,000 

epinephrine was safe in patients with cardiovascular disease. However, 1.8 mL of 

2% lidocaine with 1:80,000 epinephrine was less than the dosage actually used in 

clinical field. Knoll Kohler et al. (1989) reported that negative cardiovascular 

effects could follow systemic absorption of the drug in some of cardiac patients. 

Our research was carried out with 7 mg/kg of lidocaine, maximum dosage of local 

anesthetics. Administration of L100 or L80 with a large volume might lead to 

adverse effects to patents with cardiac disease. Gerlach et al. (1998) mentioned that 

use of epinephrine-containing anesthetics would be considered according to cardiac 

condition of the each patient. These reports suggest that the dosage of epinephrine 

needs to be minimized for patients with significant cardiac disease. 

Even though there was a difference in reactivity of MAP or heart rate depending 
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on the concentration of epinephrine, any group containing epinephrine extended the 

duration of anesthetic action than L0. Wakita et al. (2009) conducted the pinprick 

test and the von Frey test to the medial antecubital skin for evaluating anesthetic 

effect of 2% lidocaine with epinephrine in concentration of 1:80,000, 1:160,000, 

1:320,000. Pricking pain using visual analogue scale was significantly lower 

compared with the baseline values in groups with 1:80,000 and 1:160,000 

epinephrine, but not in groups with 2% lidocaine plain or 1:320,000 epinephrine. 

Reduced bleeding was observed in any group containing epinephrine compared to 

L0. Injected epinephrine on surgical site can reduce bleeding by stimulating ɑ1 

adrenergic receptors (Haas, 2002; Yagiela, 1995). L200 has a similar hemostatic 

effect with L100 and L80, and L200 also might be used as an effective local 

anesthetic in dental treatment. 

L100 and L80, local anesthetic mixtures containing higher concentration of 

epinephrine, showed unfavorable hemodynamic changes: raised MAP and heart 

rate. L0, plain lidocaine had short duration of anesthetic action. L200 demonstrated 

relatively stable MAP and heart rate with satisfactory action duration and 

hemostatic effect. 
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There are several limitations in this study. First, we conducted this study in the 

experimental setting with an animal model, not human beings. In patient’s model, 

the degree of bleeding is quite extensive depending on surgical site, procedure, and 

operating time. The hemostatic effect measured in this study was showed objective 

result by using objective procedure. Second, Sprague-Dawley rats used in this 

study are healthy animal. Adverse effects induced by epinephrine are more 

common in subjects with cardiovascular disease. Further studies are needed to 

conduct in cardiovascular disease animal model, i.e. spontaneous hypertensive rat. 

Third, the vital sign was recorded for 10 min, because of consistency after 5 min. It 

might have showed different tendency in hemodynamic change after 10 min. 

Despite these limitations, the usage of lidocaine containing 1:200,000 of 

epinephrine (L200) might be anticipated to support the patient safety in clinical 

surgery and development of dentistry. 
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CONCLUSION 

 

According to the results of this study, L200 group showed relatively less change 

of MAP and heart rate rather than any other groups of lidocaine only, L100 and 

L80 compared with each baseline. Also, L200 group had longer duration and lower 

bleeding in comparison with lidocaine only. Therefore, L200 (lidocaine with 

1:200,000 epinephrine), the lowest concentration of epinephrine group we tested, 

might be a better local anesthetics for dental patients in terms of anesthetic efficacy 

and safety. Furthermore, future studies with larger sample of local anesthetics and 

test on animal model or human beings related with cardiac disease are needed to 

determine the potential benefits and basic criteria of lidocaine with different dosage 

of epinephrine. 
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-국문초록- 
 

다양한 농도의 에피네프린이 적용된  

2% 리도카인의 효능과 안정성에 대한 

비교 및 평가 

김  민  영 

서울대학교 대학원 

치의과학과 치과마취과학 전공 

 

치과 분야에서 국소 마취제의 사용은 그 안정성과 효율성에 있어 중요함에도 

불구하고, 2% 리도카인 치과용 카트리지에 적용되는 에피네프린의 적정 농도는 

아직까지도 규명되지 않았다. 현재까지 2% 리도카인 대비 1:100,000 과 

1:80,000 에피네프린 농도가 임상에서 많이 쓰이고 있다. 하지만 고동노의 

에피네프린은 심혈관계 질환의 우려가 있음이 보고되어 왔다. 그래서 우리는 

2% 리도카인 대비 0（L0), 1:200,000 (L200), 1:100,000 (L100) 그리고 

1:80,000 (L80)의 에피네프린 농도를 마우스와 랫드에 주입하였고, 약물에 



 40 

의한 심박동수, 혈압, 마취 효과 정도 및 출혈량을 비교하는 실험을 진행하였다. 

국소 마취제가 주입되는 동안, 랫드의 평균 동맥 혈압과 심박동수를 

모니터링 하였으며, 생리적 리코딩 프로그램을 이용해 계산하였다. 또한, 

시간에 따라 마우스의 발바닥을 찌르는 방법과, 마우스 다리 근육에 손상을 

가했을 때 나온 혈액의 헤모글로빈 수치를 분광광도계를 통해 측정함으로써 

국소마취제의 효과를 관찰하였다. 

에피네프린이 함유된 리도카인 그룹은 주입 후에 평균동맥압의 상승이 

관찰되었다. L80의 평균동맥압은 L0와 비교하여 유의하게 증가하였다. L0와 

L200의 평균동맥압은 상대적으로 투여전과 큰 차이가 없이 일정하였으나, 

L100과 L80은 조금 상승됨을 보였다. 심박수 데이터에서, L0는 감소하였고, 

L80은 증가하였다. 평균동맥압과 심박동수의 변화에 대한 혈역학적 반응은 

L200이 상대적으로 큰 변동없이 일정한 결과를 보여주었다. 모든 그룹에서 

마취효과의 개시시간은 1분 이내였고, 에피네프린이 포함된 국소마취제의 

지속시간은 에피네프린이 없는 그룹보다 유의하게 증가되었다 (p <0.05). 또한, 

L0 그룹에 비교하여 모든 에피네프린 포함된 그룹에서의 출혈량은 감소되었다. 

(p <0.05) 

결론적으로, 현재 치과용 국소마취제로 흔히 사용되는 L100과 L80 그룹보다 

L200이 상대적으로 소량의 에피네프린을 주입함으로써 에피네프린에 대한 

부작용을 있을 환자에게 유용한 마취제로 이용될 가능성이 있음을 시사한다. 
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주요어 : 국소마취제, 리도카인, 에피네프린, 동맥압, 지혈 

학  번: 2012-21817 
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