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Abstract

Background: The objective of the present study was to determine the maximum nonlethal dose of epinephrine, lidocaine, and both substances 
diluted in saline subcutaneously injected in rabbits.

Methods: The animals were divided into three groups. The first group received a maximum dose of subcutaneous epinephrine diluted in 30mL 
of saline with decreasing doses of epinephrine: 10.01mg/kg, 7.25mg/kg, 5.32mg/kg, 2.51mg/kg, 1.85mg/kg, 2.8mg/kg, and 1.21mg/kg. The second 
group received 30mL of saline with decreasing doses of lidocaine 250, 200, 150, 125, 100, 75, and 50mg/kg, respectively. The animals were observed 
from 48 hours to 7 days after receiving the injection. The third group also received 30mL of saline containing a fixed dose of 0.03mg of epinephrine 
and the same decreasing doses of lidocaine as the second group. After receiving the injection, the animals were observed for 48 hours for adverse 
reactions, death, and absence of vital signs.

Results: In the first group, the dose of 1.21mg/kg of epinephrine has proved to be nonlethal. In the second group, a dose of 50mg/kg of lidocaine 
subcutaneously injected to rabbits caused neither visible reactions nor death. Finally, in the third group, lidocaine plus epinephrine at a dose of 
75mg/kg plus 0.03mg in the saline did not cause visible reactions or death.

Conclusion: Lidocaine injected into the subcutaneous tissue of rabbits at a dose of    50mg/kg did not cause visible reactions or death.
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Introduction

Liposuction is one of the most frequent surgical procedures in 
plastic surgery. The techniques of body fat removal and remodel-
ing have evolved since the emergence of liposuction.1 The use of 
anesthesia with abundant infiltration containing large amounts of 
saline, epinephrine, lidocaine, and bicarbonate.2-5 has made it possi-

ble to control blood loss and increase the amount of adipose tissue 
removed.

The maximum dose of lidocaine recommended in the literature 
is 7mg/kg of body weight. This dose applies only to perivascular 
blocks, and it cannot be used in subcutaneous injection for liposuc-
tion.6,7 Much larger amounts of lidocaine have been used in subcu-
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taneous injections for liposuction, such as 75mg/kg.8 55mg/kg,4,9 
and 35mg/kg10 of body weight, without related side effects.3,9-11 Few 
studies have been conducted in animals to determine a safe dose of 
lidocaine for injection in liposuction procedures.3,9-11

Lidocaine is a local anesthetic that was synthesized in 1943 by 
Lofgren.6 It is derived from cocaine, and it was the first drug to be 
used as a local anesthetic. The synthesis of lidocaine provided a 
substance with low local irritation and systemic toxicity, fast action, 
and long duration of effect. Lidocaine is currently the most popular 
local anesthetic. Its toxic effects reach mainly the central nervous 
system (CNS) and the cardiovascular system. At very high doses, li-
docaine may cause drowsiness, light- headedness, hearing and vi-
sual disturbances, and restlessness. At even higher levels, lidocaine 
may cause nystagmus, shaking, and tonic-clonic seizures followed 
by CNS depression and death.6 In the cardiovascular system, local 
anesthetics depress excitability and conductivity, thus resulting in 
change of rhythm, decreased strength of cardiac contraction, arte-
riolar dilation, leading to hypotension with consequent circulatory 
collapse and death.3

Lidocaine is a fat-soluble substance; therefore, it reacts when 
in contact with fatty tissues. The adipose tissue retains the local 
anesthetic, thus delaying its systemic absorption. Patients with a 
higher percentage of fatty tissue probably retain drugs for a lon-
ger time.10 Adrenaline, or epinephrine, is a natural catecholamine. 
That is, a sympathomimetic amine whose basic substance is be-
ta-phenylethylamine, which promotes the formation of products 
with sympathomimetic activity. In the human body, there is nat-
ural endogenous synthesis of three catecholamines: dopamine, 
norepinephrine, and epinephrine. Epinephrine is produced by the 
adrenal medulla from noradrenaline, especially under high stress 
conditions. The most important action of epinephrine is related to 
vascular muscle stimulation, inhibition of intestinal or bronchial 
muscles, stimulation of heart contraction and heart rate, as well as 
effects on the CNS. Because of the pharmacological properties of 
epinephrine related to the cardiovascular system, smooth muscles, 
and CNS, its use in medical practice is essential. However, its use 
is also controversial because of the systemic repercussions caused 
by its properties. Epinephrine has been used in outpatient surger-
ies and minor surgeries because its strong vasoconstrictive action 
reduces bleeding during surgical procedures when injected into 
tissues. When epinephrine is used in combination with local an-
esthetics, it delays the absorption of these drugs. Therefore, using 
epinephrine as a vasoconstrictor agent in the local anesthetic solu-
tion slows its absorption rate.3,12,13 All aspects of the changes caused 
by epinephrine in the human body have been widely published in 
the literature.1,14-16 Countless studies on the dose of epinephrine 
have considered only the intravenous administration. Because of 
its frequent use in surgery, particularly in plastic surgery, after the 

introduction of liposuction by Illouz in 1977 for the treatment of 
lipodystrophy and body contouring and because of the increase in 
the number of this type of surgery, there has been also a need to in-
crease the dose of epinephrine in combination with the anesthetic 
substance for subcutaneous administration. Nevertheless, there is 
no consensus in the current literature on the safe dose of subcuta-
neous epinephrine. There are only reports on increasing doses of 
epinephrine administered to patients undergoing liposuction.4,8- 10

There is faster absorption of local anesthetics added to concen-
trated solutions in comparison with diluted solutions containing 
the same dose, even in subcutaneous administration. The addition 
of epinephrine results in vasoconstriction and slows down the sys-
temic absorption.10 Therefore; we decided to conduct an experi-
mental study to establish objective criteria regarding epinephrine's 
action.

The objective of the present study was to evaluate the safe dose 
of lidocaine, epinephrine, and both substances subcutaneously in-
jected in rabbits.

Materials and Methods

This study was conducted at the Laboratory of Experimental 
Surgery of the School of Medicine of our institution. We used Nor-
folk rabbits of both sexes whose mean weight was 2kg. The ani-
mals were divided into three groups: lidocaine group, epinephrine 
group, and lidocaine plus epinephrine group. The lidocaine group 
was divided into six subgroups including five rabbits each.

The epinephrine group was divided into six subgroups includ-
ing 10 rabbits each. Finally, the lidocaine plus epinephrine group 
was divided into six subgroups including five rabbits each. The in-
jections were applied subcutaneously in the abdominal region of 
the animals.

The first group received 2% lidocaine at concentrations of 
200mg/kg, 150mg/kg, 125mg/kg, 100mg/kg, 75mg/kg, and 
50mg/kg, supplemented with saline in a total volume of 30mL. The 
second group received epinephrine at concentrations of 10.01mg/
kg, 7.25mg/kg, 5.32mg/kg, 2.51mg/kg, 1.85mg/kg, 2.8mg/kg, and 
1.21mg/kg. Epinephrine was diluted in 30mL of saline.

The animals were observed for up to 7 days after the injections. 
Clinical signs and deaths were recorded. The third group received 
0.03mg of epinephrine added to 30mL of saline containing lidocaine 
at the same concentrations described for the first group. The ani-
mals were placed in appropriate cages and observed from 48 hours 
to 7 days.

Data regarding the presence or absence of signs such as drows-
iness, lethargy, restlessness, and seizures, as well as death were an-
alyzed in each experimental group using the method of generalized 
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linear models17 for randomized trials, considering binomial distri-
bution and canonical link function. The analyses were implemented 
using the GENMOD procedure of the SAS software (SAS, 2000). The 
findings were obtained considering a 5% significance level.17,18

Results

Table 1 presents the results for the lidocaine group. In this 
group, all rabbits receiving 200mg/kg of body weight had drows-
iness, lethargy, restlessness, tonic-clonic seizures, difficulty breath-
ing, nostril flaring, and death. The subgroup that received 150mg/
kg showed the same signs and death. The subgroup that received 
125mg/kg had the same signs, whereas four animals died and only 
one survived. The subgroup that received 100mg/kg showed the 
same signs, but none of them died. In the subgroup that received 
75mg/kg, only one rabbit had the same signs and did not die. The 
other four rabbits showed no changes. In the subgroup of 50mg/kg, 
none of the rabbits showed any changes.

As Table 2 shows, in the group that received only epinephrine, 
all animals of subgroups of 10.01 of body weight died within 3-24 
hours. Immediately after the injection, the rabbits had tachycardia, 
lethargy, and tachypnea. Later, when they were close to death, the 

rabbits had epistaxis. These signs were observed in all rabbits ex-
cept for those receiving a dose of 1.21mg/kg. Among the animals 
receiving 5.32mg/kg, four died before 24 hours. Among the rabbits 
receiving 2.51mg/kg, four died before 48 hours. There were no 
deaths in the subgroup that received 1.21mg/kg. In addition, the 
rabbits in this subgroup had none of the signs observed in all the 
animals of the other subgroups.

The results for the group receiving lidocaine plus epinephrine 
are reported in Table 3. In this group, the four rabbits that received 
200mg/kg showed drowsiness, lethargy, restlessness, tonic-clonic 
seizures, difficulty breathing, and nostril flaring, and died, except 
for one rabbit in this subgroup, which presented all these signs but 
survived. Both animals receiving 150mg/kg and 125mg/kg showed 
the same signs and only two died. In the subgroup receiving 100mg/
kg, we had to repeat the experiment three times because the first 
time a rabbit had an adverse reaction and died after 24 hours. In 
the second attempt, a rabbit died quickly. The third time we con-
ducted the experiment, only one rabbit had a reaction but did not 
die. The subgroups that received 75mg/kg and 50mg/kg showed 
no changes.

Table 1: Mean weight, time before death, and death percentage in the lidocaine group. Variables in rabbits Data before and after death.

Dose (mg/kg) 200 150 125 100 75 50

Mean weight 2.3 2.4 2.5 2 2 1.9

Mean time before death (min) 21 24 29    

Death percentage 100 100 80 0 0 0

Table 2: Mean weight, time before death, and death percentage in the epinephrine group.

Variables in rabbits Data before and after with epinephrine

Dose mg/kg 10.01 7.25 5.32 2.51 1.85 2.8 1.21

Mean weight 2.18 3.01 2.05 2.17 1.96 1.3 1.5

Mean time before death (hours) < 24 < 24 < 24 > 48 > 48 > 48  

Death percentage 100 90 40 40 10 10 0

Table 3: Mean weight, time before death, and death percentage in the lidocaine plus epinephrine group.

Variables in rabbits Data before and after with epinephrine plus lidocaine

Dose (mg/kg) 200 150 125 100 75 50 200

Mean weight 2.37 2.43 2.47 2.38 2.62 2.5  

Mean time before death (min) 35 43 70 40    

Death percentage 100 40 40 20 0 0 0

Discussion

Although some studies have attempted to demonstrate the safe 
dose of lidocaine plus epinephrine for subcutaneous administration, 
the maximum dose has not been determined in the literature.2-5 No 
experimental studies have been conducted in animals using lido-
caine plus epinephrine subcutaneous injection to determine the 

maximum dose. The recommended safe dose of lidocaine, regard-
less of the route of administration, is 7mg/kg of body weight.6,19 
However, the doses used for subcutaneous injections in liposuction 
far exceed this value, ranging from 10mg/kg to 75mg/kg.3,4,8-10,12,20,21 
These doses have been considered safe in some studies, whereas 
another study showed some deaths of patients who underwent 
procedures with injection of high doses of lidocaine. Studies con-
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ducted in humans have tried to establish this criterion by increasing 
the doses of lidocaine combined with other medications.3,9-11

Because liposuction is a very common surgical procedure, we 
believe that our study contributes to a better understanding and 
definition of the maximum dose to be used. Our findings show that 
the use of lidocaine at a dose of 75mg/kg of body weight combined 
with 0.03mg of epinephrine was a safe dose, causing no external 
change in the rabbits.

Although the injection of saline and epinephrine is frequently 
used in liposuction, few experimental studies were found in the 
literature.15,16 The late deaths (after 48 hours) were not expected 
because we believed that epinephrine had a short-lasting action.14

Our study conducted in rabbits demonstrates that a dose of 
1.21mg/kg of body weight was safe when injected subcutaneously 
in the abdominal region. Although we are aware that findings from 
animals cannot be transferred to humans, they indicate a certain 
correlation, even if indirectly. Even though our study used a simple 
method, since the data were obtained only by means of clinical ob-
servation, the results provide parameters for future research.

Conclusion

Lidocaine injected into the subcutaneous tissue of rabbits at a 
dose of 50mg/kg did not cause visible reactions or death. The sub-
cutaneous injection of epinephrine in rabbits at a dose of 1.21mg/
kg of body weight was shown to be nonlethal. Lidocaine plus epi-
nephrine injected into the subcutaneous tissue of rabbits at a dose 
of 75mg/kg did not cause visible reactions or death.

Statement of Animal Rights

All applicable institutional and/or national guidelines for the 
care and use of animals were followed.
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