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. Amide-based local anesthetics are
extensively used for pain management
in outpatient surgeries.

o To date, most studies have mainly
focused on the neurological side
effects caused by amide-based local
anesthetics.

. This is the first experimental study
comparing the safety and side effects of
five commonly used amide-based local
anesthetics in rats.

. Articaine and prilocaine with
felypressin induced the least effect on
hepatic enzymes of rats with abnormal
hepatic function. However, in rats with
normal hepatic function, lidocaine
caused the least hepatic damage.
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Abstract

Background: The use of amide-based local anesthetics is generally
considered to be safe. However, the literature on their safety in
patients with hepatic injury is scarce. For the first time, the present
study aimed to evaluate the effect and safety of five commonly
used amide-based local anesthetics in the setting of hepatic failure.
Methods: A total of 96 Sprague-Dawley rats were studied
from September 2015 to September 2016 in the Animal
Laboratory Center, Shiraz University of Medical Sciences,
Shiraz, Iran. They divided into three groups, namely a control,
induced liver failure (LF), and non-LF groups. The rats were
administered local anesthetic agents (lidocaine, prilocaine with
felypressin, lidocaine with epinephrine, mepivacaine, articaine,
and prilocaine). The effect of these drugs was evaluated by
comparing the liver enzyme levels of the rats. The data were
analyzed using SPSS software. The independent # test, one-way
ANOVA, and the post hoc tests were used to compare groups. A
P<0.05 was considered statistically significant.

Results: In non-LF rats, mepivacaine, lidocaine, and lidocaine
with epinephrine caused a significant increase in aspartate
aminotransferase (AST) level compared with the effect of
prilocaine with felypressin and articaine. In non-LF rats,
only mepivacaine resulted in a significant increase in AST
level compared with lidocaine (P=0.007) and prilocaine with
felypressin (P=0.044). In this group, only mepivacaine caused
a significant increase in alanine transaminase (ALT) level
compared with lidocaine (P=0.016). Whereas in the LF group,
mepivacaine caused an increase in ALT level compared with
the effect of both prilocaine with felypressin (P=0.009) and
articaine (P<0.001). The use of mepivacaine in the LF group
caused a significant increase in gamma-glutamyl transpeptidase
level compared prilocaine with felypressin (P=0.039).
Conclusion: Articaine and prilocaine with felypressin local
anesthetics induced the least change in hepatic enzyme levels in
rats with abnormal hepatic function.
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Introduction

Amide-based local anesthetics are extensively used for pain
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management in  outpatient surgeries." In
comparison with ester local anesthetics, amide-
based local anesthetics are preferred by medical
practitioners because of their rapid and stable
anesthesia.? All types of anesthetics have
certain adverse side effects and cause a wide
range of symptoms such as neurological signs
(mental disorientation), seizures, and cardiac
effects (hypotension and cardiac depression).*®
Following the administration of these anesthetics,
their concentration in the bloodstream rises and
subsequently, the nervous system is depressed.
Since the main metabolism of amide-based local
anesthetics is through the hepatic system,® a major
concern surrounds the safety of these anesthetics
in patients with hepatic injury. In individuals with
insufficient liver function, the metabolic activity is
impaired, resulting in an inability to process these
anesthetics. Consequently, the concentration of
the drugs in their blood flow remains high; leading
to possible toxic levels.” However, despite the risk
of toxicity, amide-based anesthetics remain the
most commonly used anesthetics; underscoring
the importance of safety measures before their
administration.

To date, most studies have mainly focused
on the neurological side effects caused by
amide-based local anesthetics.® °® Although the
use of these types of anesthetics is generally
considered to be safe,? literature on their safety in
patients with hepatic injury is scarce. Therefore,
the present study aimed to evaluate the hepatic
effects of commonly used amide-based local
anesthetics in rats with and without induced
hepatic failure. To the best of our knowledge,
this is the first experimental study that compares
five of the most common local anesthetics in
order to determine their effect and safety in the
setting of hepatic failure.

Materials and Methods

The present randomized experimental study was
conducted from September 2015 to September
2016 at the Animal Laboratory Center affiliated
to Shiraz University of Medical Sciences, Shiraz,
Iran. A total of 96 male Sprague-Dawley rats
aged 8 weeks and weighing 14010 g were
obtained from the animal laboratory. Initially, all
rats were weighed to inhibit any discrepancies.
The rats were housed in standard cages with
12-hour daylight (starting at 8:00 am) at an
ambient temperature of 22+2 °C with 55%
relative humidity. The rats were given a 5-day
acclimatization period with free access to
standard chow and water."The usage of and care
for rats were in accordance with the Guidelines
for Laboratory Animal Care." The study protocol
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was approved by the Ethics Committee of Shiraz
University of Medical Sciences, Shiraz, Iran (IR.
SUMS.REC.1396.48).

Based on a simple random sampling method,
the rats were divided into three groups. The first
group (n=16) served as the control group and was
randomly divided into two equal subgroups. Half
of the rats received intraperitoneal administration
of paracetamol to induce liver failure without
local anesthesia. The other half received no
medication. The second group (n=40) included
rats with induced liver failure that were subjected
to local anesthesia. All rats in this group received
intraperitoneal administration of paracetamol
and were then randomly divided into five equal
subgroups. Each subgroup was administered a
different type of amide local anesthetic, namely
lidocaine, prilocaine with felypressin, lidocaine
with epinephrine, mepivacaine, or articaine. The
third group (n=40) included rats without liver failure
that were subjected to local anesthesia. The rats in
this group were divided into five equal subgroups
and were administered a local anesthetic agent
similar to the second group. All of the drugs were
made by EXIR Inc., Tehran, Iran.

Liver failure was induced by administration of
1 g/kg body weight paracetamol intraperitoneally
using insulin syringes.'? After four hours, the
first blood samples were obtained to evaluate
the severity of induced liver damage based
on liver enzyme levels, namely aspartate
aminotransferase (AST), alanine transaminase
(ALT), and gamma-glutamyl transpeptidase
(GGT). Then, based on the pharmacological
toxicity, the rats were administered the maximum
recommended doses of the local anesthetic
agents through the oral mucosa.®"® The
dosages for each type of amide local anesthetic
were: 5 mg/kg lidocaine, 8 mg/kg prilocaine with
felypressin, 7 mg/kg lidocaine with epinephrine,
5 mg/kg mepivacaine, 7 mg/kg articaine, and 7
mg/kg prilocaine. Second blood samples were
obtained four hours after the first blood samples
to compare liver enzyme levels.

Statistical Analysis

The data were analyzed using SPSS
software for Windows, version 20.0 (SPSS Inc.,
Chicago, IL, USA). The Kolmogorov-Smirnov
test was used to examine the normal distribution
of data. The independent t test and one-way
ANOVA test were used to compare the means of
normally distributed quantitative data between
the different groups. Tukey’s HSD post hoc test
was used to evaluate differences between the
subgroups. Data were presented as mean and
standard deviation (SD). P<0.05 was considered
statistically significant.
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Baseline and pre-intervention hepatic enzyme
levels in the rats of each subgroup are presented
in table 1. There was no significant difference
in the initial levels of liver enzymes between
different anesthetic agents in both groups (with
and without liver failure). After the administration
of anesthetics, there was an increase in enzyme
levels in all groups. The extent of change in AST,
ALT, and GGT levels was significantly higher
in rats with induced liver failure compared with
those without induced liver failure (P<0.001).
The results showed that the extent of change
in the AST level caused by the administration
of each anesthetic agent was significantly
different in both groups; rats without liver
failure (P=0.006) and those with liver failure
(P<0.001). The use of mepivacaine in rats with
liver failure and lidocaine with epinephrine in
rats without liver failure caused the highest AST
level change. The post hoc tests in rats without
liver failure showed that only mepivacaine
caused a significant increase in the AST
level compared with lidocaine (P=0.007) and
prilocaine with felypressin (P=0.044). However,
the administration of mepivacaine, lidocaine,

Local anesthetics in rats with hepatic failure

and lidocaine with epinephrine in rats with liver
failure showed a significant increase in the AST
level compared with prilocaine with felypressin
and articaine (table 2).

The extent of change in the ALT level caused
by the administration of each anesthetic agent
was significantly different in both groups; rats
without liver failure (P=0.007) and those with liver
failure (P<0.001). In both groups of rats, similar
to the changes in AST level, mepivacaine and
lidocaine with epinephrine caused the highest
ALT level change. post hoc tests in rats without
liver failure showed that only mepivacaine
caused a significant increase in the ALT level
compared with lidocaine (P=0.016). However,
the administration of mepivacaine in rats with
liver failure showed a significant increase in ALT
level compared with prilocaine with felypressin
(P=0.009). Articaine caused the least increase in
ALT level compared with all other administered
anesthetics (table 2).

The extent of change in the GGT level
caused by the administration of each anesthetic
agent was only significantly different in rats with
liver failure (P<0.001). In this group, similar to
changesin AST and ALT levels, mepivacaine and
lidocaine with epinephrine caused the highest

Table 1: Baseline and pre-intervention hepatic enzyme levels in rats

None Lidocaine Lidocaine Prilocaine Mepivacaine Articaine P value’
(mg) with with (mg) (mg)
epinephrine felypressin
(mg) (mg)
Without AST  41.86+2.79 41.87+2.85 41.85+2.85 42.02+2.56 41.78+2.83 41.80+2.75 0.981
Iiv_er ALT  29.87+3.56 29.85+3.67 29.86+3.56 29.87+3.50 29.88+3.56 29.87+3.67 0.990
failure  GGT  6.50£0.77 6.54+0.79 6.56+0.78 6.55+0.80 6.52+0.79 6.50+0.78 0.251
With AST  1957.62+101.92 1834.87+ 1978.62+ 1869.37+ 2061.61% 1968.50+ 0.290
liver 293.90 298.55 101.15 174.90 150.15
failure  ALT  750.75+94.20 786.75+92.73 772.50+60.19 739.00+64.21 775.50+55.66 785.85+66.36 0.736
GGT 6.62+0.74 6.37+0.51 6.87+0.84 6.12+0.64 6.37+0.51 6.62+0.74 0.211

*One-way ANOVA test (Tukey post hoc), AST: Aspartate aminotransferase, ALT: Alanine transaminase, GGT: Gamma-glutamyl

transpeptidase, Data are presented as mean+SD

Table 2: Comparison of the difference in hepatic enzyme levels between different intervention groups

Hepatic enzymes Medication use P value*
Lidocaine Mepivacaine Prilocaine with Articaine Lidocaine with
felypressin epinephrine
AASTT Without LF~ 138.00+8.872 216.37+65.77° 153.50+£32.65% 183.12+44.05® 197.42+41.61* 0.006
(units/L)  with LF 618.00+£130.192 746.00+92.622 406.37+91.90° 290.37+49.12> 661.42+110.96% <0.001
P value** <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
AALT Without LF~ 63.50+£10.102 125.87£59.47° 73.504+27.112®  102.87+31.17%® 117.41+£39.84%  0.007
(units/L)  with LF 238.25+48.27% 289.00+37.87% 222.62+40.01° 141.504£23.04¢ 259.57+29.49%  <0.001
P value** <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
AGGT Without LF 2.00£0.75° 2.00+0.532 2.25+0.46° 2.37+0.91° 2.00+1.15° 0.813
(units/L)  with LF 16.25+0.882 17.25¢0.77°  15.75+1.28° 12.50+1.06° 16.42+0.97% <0.001
P value** <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

*One-way ANOVA test (Tukey post hoc), **Independent t test, TPost-intervention minus pre-intervention levels, ¢ Significantly
different change in enzyme level compared to the next following alphabet, LF: Liver failure, AST: Aspartate aminotransferase,
ALT: Alanine transaminase, GGT: Gamma-glutamyl transpeptidase, Data are presented as mean+SD
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GGT level change. However, in rats without
liver failure, the administration of articaine and
prilocaine with felypressin caused the highest
GGT level change. However, this difference
was not significant between different anesthetic
agents. post hoc tests in rats with liver failure
showed that mepivacaine caused a significant
increase in GGT level compared with prilocaine
with felypressin (P=0.039). Articaine showed the
least increase in GGT level compared with all
other administered anesthetics (P<0.001).

The extent of change in hepatic enzyme levels
caused by the administration of anesthetics
varied in each group of rats. Lidocaine induced
the least change in AST and ALT levels in rats
without hepatic failure. However, in rats with
hepatic failure, articaine and prilocaine with
felypressin induced the least change in AST,
ALT, and GGT levels. On the other hand, in
both groups, mepivacaine and lidocaine with
epinephrine induced the most changes in AST,
ALT, and GGT levels; except for GGT level in
rats without liver failure.

It was found that lidocaine administration in
rats without liver injury caused the least change
in hepatic enzyme levels. In other words, in rats
with no history of liver injury, the more classic
anesthetic lidocaine seemed to render the
least change in hepatic enzymes. Lidocaine is
extensively used as local anesthesia in North
America.? However, prilocaine is the second
choice after articaine when dealing with hepatic
failure.

Clinical trials comparing existing local
anesthetics and articaine vary significantly
depending on the study design and outcome.’® A
previous study compared the efficacy of articaine
and lidocaine in a sample of 30 patients in a
randomized controlled trial."” They reported no
significant difference in the onset and duration
of anesthesia between these local anesthetic
drugs. However, more recent studies have
reported that articaine was more effective on
different sites of action than other anesthetics.
Some studies have reported that articaine
was more effective in terms of its anesthetic
effects and duration of induced anesthesia.® '
In the present study, articaine caused the
least changes in hepatic enzymes in rats with
induced hepatic injury. Articaine is among the
most common local anesthetics used in dental
surgery. Its structure contains a thiophene ring
instead of a benzene ring, which makes it more
lipophile. Moreover, the drug renders minimal
systemic toxicity due to its rapid hydrolization."
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Toxicity is one of the main concerns of using
anesthetics.” Much controversy exists concerning
the role of local anesthetics, mainly articaine,
in relation to the incidence of neurological
symptoms, more specifically paresthesia.® An
older narrative review of a few case reports,
evaluating the safety and side effects of local
anesthetic myotoxicity, reported that bupivacaine
seemingly caused the majority of side effects.?°
A recent review on systemic toxicity of local
anesthetics reported that administration of
a single dose of local anesthetics may not
necessitate dose adjustment in the presence
of liver dysfunction.?’ However, they suggested
that caution should be advised among patients
receiving multiple doses or infusions of local
anesthetics; since aminoamide local anesthetics
undergo first-pass metabolism by the liver P450
enzyme, which differs according to the specific
drug and its pharmacological attributes. This
shows the importance of our findings that different
local anesthetics caused different extents of
changes in liver enzyme levels. After articaine,
prilocaine presented the least hepatic changes in
those rats with induced hepatic failure. Perhaps
a reason for its lower hepatic toxicity was that
prilocaine is a secondary amide and is excreted
via the liver as well as the kidneys; only a small
fraction is excreted in urine.'

Systemic toxicity related to local anesthetics
is reported to be mainly dose-dependent.?? In
the present study, we evaluated a maximum
dose of local anesthetics in the settings of
acetaminophen-induced liver failure in rats.
Considering that our results showed acute hepatic
effects of local anesthetics, these findings may
be significant in clinical practice when dealing
with patients with a history of hepatic injury.

The main limitation of the present study
was that we only evaluated the hepatic effects
of local anesthetics using an experimental
study method. As stated in a previous study,
other aspects of each anesthetic agent should
be included in clinical assessments.?® Future
studies should include a variety of investigations
when evaluating the efficacy and safety of local
anesthetics. In addition, research studies on
human subjects with hepatic failure are required
to support our findings. The main strength of
our study was evaluating the changes in hepatic
enzymes caused by different local anesthetics
in acetaminophen-induced hepatic failure rats.
However, we only measured liver enzyme levels
(AST, ALT, and GGT), which may not have been
accurate indicators for the evaluation of the
severity of the liver injury. It is recommended that
future studies include measurement of additional
factors such as albumin and prothrombin time.
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Conclusion

Articaine and prilocaine with felypressin local
anesthetics induced the least change in hepatic
enzyme levels of rats with abnormal hepatic
function. However, in the case of normal liver
function, the more commonly used lidocaine
seemed to render safer results.

Acknowledgment

The present manuscript was extracted from the
DDS thesis by Ms. A. Jamshidi (grant number:
8894137). The authors would like to thank the
personnel at the Animal Laboratory Center for
their support.

Conflict of Interest: None declared.

References

1

N

w

N

(€]

Suzuki S, Gerner P, Lirk P. Local anesthetics.
Pharmacology and Physiology for Anesthe-
sia. New York: Elsevier; 2019. p. 390-411.
Moore PA, Hersh EV. Local anesthet-
ics: pharmacology and toxicity. Dent Clin
North Am. 2010;54:587-99. doi: 10.1016/j.
cden.2010.06.015. PubMed PMID:
20831923.

Sobolewski B, Doman P, Stetkiewicz T,
Oszukowski P, Wozniak P. The toxic impact
of local anaesthetics in menopausal women:
causes, prevention and treatment after local
anaesthetic overdose. Local anaesthetic
systemic toxicity syndrome. Prz Meno-
pauzalny. 2015;14:65-70. doi: 10.5114/
pm.2015.50001. PubMed PMID: 26327891;
PubMed Central PMCID: PMCPMC4440200.
Oda Y. Pharmacokinetics and systemic toxic-
ity of local anesthetics in children. J Anesth.
2016;30:547-50. doi: 10.1007/s00540-016-
2201-6. PubMed PMID: 27312980.

Lirk P, Picardi S, Hollmann MW. Local
anaesthetics: 10 essentials. Eur J Anaes-
thesiol. 2014;31:575-85. doi: 10.1097/
EJA.0000000000000137. PubMed PMID:
25192265.

Giovannitti JA, Jr., Rosenberg MB, Phero
JC. Pharmacology of local anesthetics used
in oral surgery. Oral Maxillofac Surg Clin
North Am. 2013;25:453-65. doi: 10.1016/j.
coms.2013.03.003. PubMed PMID:
23660127.

Becker DE, Reed KL. Local anesthet-
ics: review of pharmacological consid-
erations. Anesth Prog. 2012;59:90-101.
doi: 10.2344/0003-3006-59.2.90. PubMed
PMID: 22822998; PubMed Central PMCID:

Iran J Med Sci September 2020; Vol 45 No 5

10

11

12

13

14

15

16

17

18

19

Local anesthetics in rats with hepatic failure

PMCPMC3403589.

Batista da Silva C, Berto LA, Volpato MC,
Ramacciato JC, Motta RH, Ranali J, et al.
Anesthetic efficacy of articaine and lido-
caine for incisive/mental nerve block. J
Endod. 2010;36:438-41. doi: 10.1016/j.
joen.2009.12.014. PubMed PMID: 20171359.
Pogrel MA. Permanent nerve damage from
inferior alveolar nerve blocks: a current
update. J Calif Dent Assoc. 2012;40:795-7.
PubMed PMID: 23316560.

Olfert ED, Cross BM, McWilliam AA. Guide
to the care and use of experimental animals.
Ottawa: Canadian Council on Animal Care;
1993.

Council NR. Guide for the care and use of
laboratory animals. Kinokuniya: National
Academies Press; 2010.

Sonis ST, Tracey C, Shklar G, Jenson J,
Florine D. An animal model for mucositis
induced by cancer chemotherapy. Oral Surg
Oral Med Oral Pathol. 1990;69:437-43. doi:
10.1016/0030-4220(90)90376-4. PubMed
PMID: 2326035.

Gaertner DJ. Anesthesia and analgesia for
laboratory rodents. Anesthesia and analge-
sia in laboratory animals. 2008:240-97. doi:
10.1016/B978-012373898-1.00010-4.
Rosenberg PH, Veering BT, Urmey WF.
Maximum recommended doses of local
anesthetics: a multifactorial concept. Reg
Anesth Pain Med. 2004;29:564-75. doi:
10.1016/j.rapm.2004.08.003. PubMed
PMID: 15635516.

Cox B, Durieux ME, Marcus MA. Toxicity
of local anaesthetics. Best Pract Res Clin
Anaesthesiol. 2003;17:111-36. doi: 10.1053/
bean.2003.0275. PubMed PMID: 12751552.
Yapp KE, Hopcraft MS, Parashos P.
Articaine: a review of the literature. Br
Dent J. 2011;210:323-9. doi: 10.1038/
sj.bdj.2011.240. PubMed PMID: 21475282.
Kambalimath DH, Dolas RS, Kambalimath
HV, Agrawal SM. Efficacy of 4 % Artic-
aine and 2 % Lidocaine: A clinical study. J
Maxillofac Oral Surg. 2013;12:3-10. doi:
10.1007/s12663-012-0368-4. PubMed
PMID: 24431806; PubMed Central PMCID:
PMCPMC3589513.

Kanaa MD, Whitworth JM, Corbett IP,
Meechan JG. Articaine buccal infiltration
enhances the effectiveness of lidocaine
inferior alveolar nerve block. Int Endod
J. 2009;42:238-46. doi: 10.1111/j.1365-
2591.2008.01507.x. PubMed PMID:
19228214.

Ogle OE, Mahjoubi G. Local anesthesia:
agents, techniques, and complications.

381



Gheisari R, Arasteh P, Estakhri F, Eatemadi H, Jamshidi A, Khoshnoud MJ, Mokhtari M

20

21

382

Dent Clin North Am. 2012;56:133-48. doi:
10.1016/j.cden.2011.08.003. PubMed PMID:
22117947.

Zink W, Graf BM. Local anesthetic myotoxicity.
Reg Anesth Pain Med. 2004;29:333-40.
doi: 10.1016/j.rapm.2004.02.008. PubMed
PMID: 15305253.

El-Boghdadly K, Pawa A, Chin KJ. Local
anesthetic systemic toxicity: current
perspectives. Local Reg Anesth. 2018;11:35-
44. doi: 10.2147/LRA.S154512. PubMed
PMID: 30122981; PubMed Central PMCID:
PMCPMC6087022.

22 Becker DE, Reed KL. Local anesthetics:

23

review of pharmacological considerations.
Anesth Prog. 2012;59:90-101. doi:
10.2344/0003-3006-59.2.90. PubMed
PMID: 22822998; PubMed Central PMCID:
PMCPMC3403589.

Tortamano [P, Siviero M, Costa CG,
Buscariolo IA, Armonia PL. A comparison
of the anesthetic efficacy of articaine
and lidocaine in patients with irreversible
pulpitis. J Endod. 2009;35:165-8. doi:
10.1016/j.joen.2008.10.020. PubMed PMID:
19166765.

Iran J Med Sci September 2020; Vol 45 No 5



