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Minimizing pain is a fundamental principle of veterinary 
medicine.3 However, the capacity of lower vertebrates (fish, 
amphibians, and reptiles) to experience pain is a topic of debate 
(see references 7 and 72 for both sides of the argument regard-
ing fishes). Despite this controversy, a generally accepted fact 
is that these animals respond to noxious stimuli with a nocif-
ensive response. Therefore veterinarians should make efforts 
to minimize these responses. Nocifensive responses often are 
associated with surgical procedures and can generally best be re-
duced by providing appropriate pre- and perioperative care52,61 
through the use of a multimodal approach combining anesthetic 
and analgesic drugs.6,39,52 One family of analgesic drugs, local 
anesthetics, alleviates pain by interrupting nerve conduction in 
a specific region of the body, thus temporarily preventing the 
sensation of the noxious stimulus from being conducted to the 
CNS. Local anesthetics interrupt nerve conduction by inhibit-
ing the influx of sodium ions at voltage-gated sodium channels 
in axonal membranes. The mechanism involves binding of 
the drug to the H-(or inactivation) gate of the channel.79 The 
appropriate use of local anesthetics can reduce the amount of 
anesthetic required and decrease the overall requirements for 
systemic analgesia, in addition to providing sufficient localized 
desensitization for many minor surgical procedures.41

Although often said to provide ‘analgesia,’ local anesthetics 
produce only anesthesia because they block all nerve activity, 
whereas analgesic agents block only nociceptive transmission. 
Local anesthetics are used mainly in 4 ways: to induce anesthesia 
of the skin or mucosa (topical anesthesia), anesthesia of tissues 
locally (local infiltration), regional anesthesia, and intravenous 
anesthesia.47 These chemicals tend to have a low cost, minimal 
side effects, and brief recovery period when used appropri-
ately.46 This group of drugs has the potential to cause toxicity 
to both the CNS and cardiovascular system, and this feature 
may be of concern in smaller animals.40 The main disadvantage 

of local anesthetics is that they do not have a sedative effect to 
assist restraint, thus they often need to be combined with seda-
tion or general anesthesia, except for minor procedures. The 
most frequently used local anesthetics in veterinary medicine 
are the amide-linked drugs such as lidocaine hydrochloride 
(for example, Xylocaine) and bupivacaine hydrochloride (for 
example, Marcaine).41

Local anesthetics routinely are used in mammals, yet their use 
is still limited in ‘exotic’ species, such as fish, amphibians, and 
reptiles.12,28,46,58 Furthermore, these species frequently undergo 
potentially painful surgical procedures. In addition to being 
important research models, fish (such as koi) and amphibians 
are often pets; whereas reptiles are common in zoos and are 
increasingly seen in veterinary clinics.68,92 According to the latest 
animal data report from the Canadian Council for Animal Care, 
fish are the second largest among the 15 groups of animals used 
in research, and amphibians are the sixth.11 Common surgical 
procedures for fish include fin biopsy,26,64,69 hypophysectomy, 
gonadectomy, implantation of telemetric devices, catheteri-
zation of the dorsal aorta, and marking procedures such as 
tattooing.28 Common surgical procedures for amphibians and 
reptiles include wound debridement and repair, skin biopsy, 
abscess/neoplasm/parasite removal, prolapse replacement/
repair, celiotomy,83 digit and leg amputation, enucleation, and 
lens surgery.12,21

Local anesthetics generally are not used to provide local 
anesthesia in fish and amphibians; instead they are regularly 
used to produce and maintain general anesthesia. The main 
anesthetic agent used in aquatic medicine is the local anesthetic 
tricaine methanesulfonate (commonly known as MS222 [West-
ern Chemical, Ferndale, WA]). MS222 acts in the same manner as 
other local anesthetics, but because it is water-soluble, it enters 
fish (through the gills) and amphibians (through the skin) to 
act on the CNS instead of acting locally. The exact mechanism 
of this central action has not been explained completely.95 This 
use of local anesthetics is widespread and is already the subject 
of multiple articles and reviews12,60 and therefore will not be 
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covered here. Instead the focus of the present review is the use of 
these drugs specifically as local (rather than general) anesthetics.

Although the pharmacologic properties, safety, and often 
efficacy of local anesthetic drugs have not yet been investi-
gated in fish, amphibians, or reptiles, the literature contains 
recommendations concerning their use as analgesics.10,42,58,81 
However, this information generally is not extensive and can 
be difficult to find. In particular, it is difficult to locate original 
sources that form the basis of the recommendations in general 
reference texts. Therefore, one goal of the present review was 
to compile the current knowledge, practices, and recommenda-
tions concerning the use of local anesthetics for local anesthesia 
in fish, amphibians, and reptiles.

Materials and Methods
We searched the online databases PubMed, Science Direct, 

and One Search by using the keywords ‘fish «local anesthetic»,’ 
‘fish lidocaine,’ ‘fish benzocaine,’ ‘fish procaine,’ ‘fish bupiv-
acaine,’ ‘fish mepivacaine,’ and ‘fish analgesia,’ as well as the 
same combinations but replacing ‘fish’ with ‘amphibian’ or 
‘reptile.’ Articles were included if they mentioned the use of 
local anesthetics explicitly for local anesthesia or analgesia. To 
keep the focus of this review on local anesthesia, any use of lo-
cal anesthetics to produce general anesthesia (for example, as a 
bath treatment for fish or amphibians) was excluded. Only the 
use of local anesthetics on live animals was included; that is, we 
excluded studies using isolated tissues. Only articles present-
ing original information were included. ‘Original information’ 
was defined as the article presenting information based on an 
experiment or case study or not referencing another article when 
mentioning the local anesthetic use. However, some chapters 
referencing local anesthetics used for local anesthesia from the 
main veterinary reference textbooks were exceptions to this 
rule and were included. The rationale for this inclusion was to 
provide contrast with the other sources despite the fact that these 
reference books do sometimes refer to dated sources or personal 
experiences. The books chosen and included were: Exotic Animal 
Formulary,9 Reptile Medicine and Surgery,45 Fowler’s Zoo and Wild 
Animal Medicine,57 and Lumb and Jones’ Veterinary Anesthesia.24

We tabulated the results for each animal class separately, and 
within each class we categorized articles as experimental stud-
ies, case studies, texts or general references, standard operating 
procedures, and others. Articles classified as ‘experimental 
studies’ reported research regarding the efficacy or side effects 
of local anesthetics. ‘Case studies’ were articles in which a local 
anesthetic was used for a reported procedure but its particular 
efficacy was not evaluated, such that the outcome of the pro-
cedure was the main focus of the article. Sources classified as 
‘others’ were articles in which the use of a local anesthetic for 
local anesthesia was mentioned in the study’s protocol, but very 
few details were provided and its efficacy was not evaluated. 
This classification of sources is used in the tables to highlight 
the potential value of the reported dose because, as previously 
mentioned, studies thoroughly investigating the use of local 
anesthetics for local anesthesia in fish, amphibians, and reptiles 
have yet to be performed. Therefore an official optimal dose for 
most species is often unavailable, and knowing the information 
source will help clinicians to make an informed choice regarding 
which drug and dosage to use.

The concentration of the agent was included whenever it 
was reported in the original source, but many reports did not 
include this information. When the original source reported a 
volume of agent instead of a dose in ‘mg/kg’ format, dose was 
calculated based on the average weight of the animals in the 

study and presented in the table; the volume reported is cited in 
parentheses. When the average weight of the animals was not 
reported, only the volume of the agent is included in the table.

Results and Discussion
None of the 3 databases used located all of the articles 

presented here. Most searches resulted in a high number of 
nonrelevant sources, especially when searching the literature for 
amphibians, because their eggs are used extensively as models 
but very few papers involve the amphibians themselves. In ad-
dition, as another review reported, “PubMed does not index the 
herpetological journals in which the most relevant papers [for 
reptile literature are] published.”2 Furthermore, some relevant 
information for reptiles was presented in conference proceed-
ings and was difficult to locate.

Another problem with the search for reptilian literature was 
that some articles from Brazil were in Portuguese and were 
challenging to locate; some—but not all of these articles—had 
an English abstract. Although the details of their protocols were 
difficult to assess, the articles contain useful information from 
case studies and experiments.19,25,31,74

Overall, there were considerably more original references 
concerning local anesthetics for reptiles (35 articles) compared 
with amphibians (8) and fish (12). The reptile literature included 
a relatively high number of case studies (6) and experimental 
studies (5) compared with those for fish or amphibians. Only 
2 experimental studies were found for fish and only one for 
amphibians; no case studies were found for either fish or am-
phibians. In addition, we found more mentions of the use of local 
anesthetics in articles for fish (8) compared with amphibians (2).

Fish. Lidocaine was the main local anesthetic mentioned in as-
sociation with fish in the literature (Table 1), with only one article 
involving a different agent, novocaine. The species were varied, 
but the majority of fish in the selected sources were salmonids. 
The other species were white sea cod, skipjack and yellowfin 
tuna, zebrafish, African catfish, mormyrids species, and species 
of the genus Eigenmannia. No study involved elasmobranchs, 
a result perhaps explained by the fact that no nociceptors have 
been found in those species yet.72

Experimental studies. We found only 2 experimental studies 
on the use of local anesthetics as analgesics in fish, and in both 
studies, local anesthetics were one class among several drugs 
tested as potential analgesics.13,14,55

One 1997 study14 (data were reported again in a 2004 pub-
lication13) tested novocanium (procaine or novocaine) on cod 
(Gadus morhua marisalbi, 100 to 300 g). The noxious stimulus 
was a series of electrical pulses applied by using implanted 
electrodes in the tail, and the response measured was movement 
of the tail. In the earlier article,14 the authors stated “injection 
of 0.25 mL of 2% novocaine solution (fully blocking the axonal 
conductivity) to epithelial tissue of fins or subcutaneously in the 
area of application of the stimulus fully blocked up nociceptive 
responses;” the 2004 publication13 stated that “local subcutane-
ous injections of 2% solution of novocanium [dose not given] 
blocked the nociceptive reactions.”

The authors of the other study55 tested lidocaine by using 
the injection of acetic acid (0.1 mL of 0.1%, corresponding to an 
average dose of 9 mg/kg) as the noxious stimulus, and the lips 
as the tested site. The authors reported no delay in feeding for 
saline-control fish, whereas acid injection resulted in a feeding 
delay in 2 of 5 fish; acid also resulted in a decrease in activity 
and an increase in ventilation rate. Although they recommended 
the use of lidocaine, their experimental results do not support 
their recommendation. None of the 4 metrics they used (delay 
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in feeding, activity 30 min after the stimulus, ventilation rate  
30 min after the stimulus, rate of recovery of respiration after  
the stimulus) was significantly different after the noxious 
stimulus without or with lidocaine at any of the 3 doses. Al-
though unclear from the methods, the authors imply that they 
administered both lidocaine and acetic acid at the same time 
rather than giving the lidocaine sufficient time to block before 
administering the noxious stimulus. The sample size of the 
study was small (5 fish per group), and the statistical tests not 
always appropriate; for example, the P values were not corrected 
for the large number of comparisons.

Textbooks, standard operating procedures, and other docu-
ments. In recommendations in textbooks and standard operating 
procedures, the doses used for local infiltration of fish ranged 
from 1 mg/kg35 to 9 mg/kg.55 Most textbooks (for example, 
Carpenter9 and Fowler57) recommend a lidocaine dose of 1 to 
2 mg/kg, similar to those used in mammals.41 Both texts refer 
to the same source,27 but that source does not mention local 
anesthetics. A 1999 work29 warns that “care must be taken not 
to overdose small fish with local injections” when using lido-
caine as a general anesthetic rather than as a local. However, 
our laboratory has used 20 mg/kg locally infiltrated in rainbow 

trout with no detectable side effects or mortality. One group of 
scientists in Norway uses 0.1 mL lidocaine at the surgical site in 
their protocol for dorsal aorta cannulation18,34,35 but provides no 
evidence for efficacy or rationale for the dose. The 2008 text An-
esthetic and Sedative Techniques for Aquatic Animals73 has only one 
mention of local anesthetics: lidocaine as a spinal block based 
on the minimal information presented in a 1978 publication.62 
Interestingly, the most extensive and intensive recent reviews 
on fish surgery do not mention local anesthetics.60,80

Clearly, further studies are needed to assess the efficacy, ideal 
dose, and maximal safe dose of lidocaine in fish, as well as to 
test a wide range of species.

Amphibians. As in fish, lidocaine was the main local anesthetic 
mentioned in association with amphibians in the literature 
(Table 2), with only one article mentioning a different agent, 
bupivacaine.12 Specific species were mentioned in only 3 
sources: frogs in 2 sources59,84 and a salamander in the other.37

Experimental studies. Very few original references address 
local anesthetics for amphibians, and we found only one ex-
perimental study.37 This study compared amphibian marking 
techniques to assess toe-clipping using 4 treatments (control 
with handling only, no anesthesia or local anesthetic, general 

Table 1. The use of local anesthetics for local anesthesia in fishes

Agent Dose Route Species Comments Reference(s)

Textbooks
  Lidocaine 1–2 mg/kg  

(maximum)
LI ND Care must be taken not to over-

dose small fish
9, 28

Experimental studies
  Procaine 2% (Novocaine) 25 mg/kg (0.25 

mL)
LI White sea cod (G. m. marisalbi) Blocked sensation 13

  Lidocaine 9 mg/kg (1 mg/
fish)

In lips Rainbow trout (O. mykiss) Lidocaine was deemed more 
effective than buprenorphine or 
carprofen

55

Other documents
  Lidocaine 2% 1.7 mg/kg (0.1 

mL/site)36
LI Atlantic salmon (S. salar)36  

Eigenmannia57
Used at surgical site 36, 56

  Lidocaine 2% 15 mg/kg (0.1 
mL/site)

SI Brown trout (S. trutta) Rainbow 
trout (O. mykiss)

Immobilization occurred in  
5 min; recovery took 45–50 min

62

Lidocaine 2% with 1 ppm  
  epinephrine

30 μL LI Mormyrids (P. isidori, P. adsper-
sus)

Inhibited acoustic courtship 
displays when infiltrated into 
swimbladder muscles

17

  Lidocaine 10% (Xylocaine spray) — T African catfish (C. gariepinus) To numb area of electrode  
implantation

38

  Lidocaine — SI Skipjack tuna (K. pelamis)  
Yellowfin tuna (T. albacares)

Used to provide additional  
restraint during experiment

8

  Lidocaine — LI Lacustrine sockeye salmon (O. 
nerka) Masu salmon (O. masou)

Used at surgical site 75

  Lidocaine gel (50 mg/g) — T Zebrafish (D. rerio) Topical use of lidocaine in the 
nares to block smell

1

LI, local infiltration; ND, no data; SI, spinal infiltration; T, topical.
Reference citations have been included after their respective comments or as needed if some information is not common to all sources in a row. 
If concentrations are not specified, the information was not provided in the original source.
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anesthesia only, and local anesthetic only [lidocaine dose not 
mentioned]) in salamanders as models. Efficacy of the lidocaine 
treatment was assessed by absence of toe retraction when 
pinched. The authors reported no statistical difference in stress 
hormone responses (adrenaline and noradrenaline levels), lo-
comotion, infection rates or general behavior during the 2 wk 
after toe-clipping. The investigators concluded that toe-clipping 
without anesthesia or local anesthesia was a “viable and humane 
field technique.”37

Textbooks, standard operating procedures, and other papers. 
Only one mention of the use of local anesthetics in a study84 
was obtained. In the methods section, the author states that 
“animals were administered a local anesthetic (0.5 mL, 2% 
lidocaine) suffused just under the skin of the skull region” at 
15 min prior to surgery. However, the efficacy of the procedure 
was not assessed.

Doses cited in textbooks, 1 to 2 mg/kg, are similar to those 
used in mammals.41 The only maximal dose recommended 
was 5 mg/kg for both bupivacaine and lidocaine.12 However, 
the source for this dose is unclear, because the only mention 
of local anesthetics in the reference cited in the article21 is: “It  
is possible to perform minor procedures using no more than 
1.0 mg/kg total dose of 2% lidocaine as a local anesthetic.” 
Bupivacaine is not mentioned at all in the cited publication,21 
and a maximum dose of 1 mg/kg for lidocaine, rather than  
5 mg/kg, is implied.12 The stated maximal dose of 5 mg/kg12 
appears to be based on values for mammals41,40 rather than on 
actual tests in amphibians.

A study involving surgery in the roof of the mouth of 
tree frogs59 used injections of pentobarbital sodium for gen-
eral anesthesia and added “a generous topical application of  

lidocaine (4%)” to “desensitize the area near the incision.” The 
authors commented that “frequent additional swabs of topical 
anesthetic were applied during surgery, which could proceed 
only with adequate numbing of the wound area,” but do not 
explain how the numbing of the area was evaluated. Such an 
application of highly concentrated lidocaine potentially could 
cause general anesthesia instead of a localized one (see the 
additional explanation following), and perhaps even death, 
considering that the investigators report repeating the injection 
of pentobarbital “every 3–4 h to maintain immobility,” yet no 
mortalities were reported.

We also looked for standard operating procedures and 
guidelines from universities where amphibians are used for 
research. Some universities have protocols that recommend the 
use of a swab of local anesthetic, often bupivacaine, to provide 
additional anesthesia at the incision site of a laparotomy once 
the animal is under general anesthesia.86,87 None of the studies 
obtained evaluated the benefits of such a procedure. In addi-
tion, the presence of any such benefits is doubtful because, as 
previously mentioned, general anesthesia of an amphibian 
typically is produced by immersing the animal in MS222, a local 
anesthetic. The characteristic permeability of amphibians’ skin 
is such that drugs placed in contact with their skin pass through 
it and become systemic.15,21 On this basis, general anesthesia is 
achieved by using a local anesthetic as a bath treatment. This 
same characteristic makes localized anesthesia difficult with 
those animals, but it is possible on the extremities, usually for 
toe-clipping.93 This recommendation was based on the fact 
that local anesthetics can be used without general anesthesia 
for minor procedures.21,93 The benefits of topically adding a 
small quantity of a local anesthetic to the skin of an animal that 

Table 2. Use of local anesthetics for local anesthesia in amphibians

Dose Maximal dose Route Species Comments

Textbooks

Lidocaine (1% to 
2%)

— — LI9,47 ND All/local anesthesia with or without epi-
nephrine; lidocaine in combination with 
ketamine has been used for minor surger-
ies; use with caution;9,46 minor surgeries 
can be performed by using local anesthe-
sia through direct application of lidocaine 
2% to the surgical site93

T92

Experimental studies
Lidocaine — — T Salamander (Desmognathus) Used for toe-clipping37

Others
Bupivacaine 2 5 mg/kg T, LI ND Duration 3 h; use diluted 3:1 with sodium 

bicarbonate solution12

Lidocaine 2 5 mg/kg T, LI ND Duration 30–60 min; use diluted 3:1 with 
sodium bicarbonate solution12

Lidocaine 2% <1 mg/kg 1 mg/kg — ND Recommended for minor surgeries21

Lidocaine 2% 286 mg/kg (0.5 
mL per site)

— LI Grass frogs (R. pipiens) Used at surgical site83

Lidocaine 4% — — T Tree frogs (E. coqui) Used at surgical site; “Frequent additional 
swabs were applied during surgery”59

LI, local infiltration; ND, no data; SI, spinal infiltration; T, topical.
Reference citations have been included after their respective comments or as needed if some information is not common to all sources in a row. 
If concentrations are not specified, the information was not provided in the original source.
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was just bathed in a large quantity of another local anesthetic 
is therefore questionable. Furthermore, the previously men-
tioned study37 that evaluated different types of anesthesia in 
salamanders found no difference in adrenaline or noradrenaline 
levels between general anesthesia (MS222) and a local swab of 
lidocaine during toe-clipping. These results raise doubts regard-
ing the benefits of using local anesthetics alone in amphibians, 
because the stress of handling is perhaps equivalent to that of 
inducing full anesthesia. However, because the authors did not 
use any other parameters to evaluate stress, further studies are 
necessary to confirm their conclusions regarding the benefits 
of local anesthetics in amphibians shortly after immersion in a 
local anesthetic solution.

Reptiles. The local anesthetic drugs mentioned for use in 
reptiles (Table 3) were more varied than in fish or amphibians, 
adding tetracaine, mepivacaine, EMLA (lidocaine–prilocaine) 
cream, Cetacaine spray (a combination of benzocaine, butam-
ben, and tetracaine; Cetylite, Pennsauken, NJ), and a mixture of 
lidocaine–bupivacaine to the previously mentioned lidocaine, 
bupivacaine, and procaine (Table 3). Some studies disproved the 
popular belief that mixing lidocaine and bupivacaine provides 
the advantages of both drugs.70,88 The range of species found in 
the literature search was wide, representing all extant clades of 
reptiles, including Archosauria (that is, crocodilians),90 Testu-
dinata, (that is, turtles),30,31,43,49,71,74,85 and Squamata including 
both lizards4,25 and snakes.54,94

Experimental studies. We found 5 experimental studies on the 
use of local anesthetics as analgesics in reptiles.16,30,31,48,50,74 Most 
evaluated only lidocaine, with the exception of one group,74 who 
studied bupivacaine also. Four studies involved chelonians, 
and one study involved snakes. Most of the studies concerned 
spinal anesthesia of chelonians, using similar doses of lidocaine 
ranging from 331 to 4.6 mg/kg.74 One group30 used lidocaine as 
local infiltration at the surgical site during a celioscopy for sex 
identification and found that it was not sufficient for anesthesia 
when used alone. Other investigators16 “anesthetized the facial 
pits [of rattlesnakes (C. viridis)] with a drop of 2% [lidocaine] 
placed into each pit chamber; this treatment completely blocked 
trigeminal responses to cooling or heating of the pits, even with 
extreme stimuli such as ice or a hot soldering iron.” A more 
specific dose was not described.

Case studies. Six experimental studies involved the use of lo-
cal anesthetics as analgesics in reptiles.19,22,25,71,82,90 One study82 
determined that EMLA (lidocaine–prilocaine) cream was of 
practical use when combined with tramadol analgesia for the 
surgical treatment of prolapsed penis in various chelonians. Two 
other studies19,71 used lidocaine to provide spinal anesthesia in 
chelonians: 0.8 mg/kg in Galapagos tortoises (G. nigra) and 4 
to 8 mg/kg in red-footed tortoise (C. carbonaria). Other authors 
used lidocaine as local infiltration (5 mg/kg) to improve desen-
sitization of an area during surgery involving a Tegu lizard (T. 
merianae) and a python (P. molurus).22,25 In addition, mepivacaine 
provided mandibular block for dental surgeries in restrained 
crocodilians that were given systemic analgesics (ketoprofen or 
meloxicam); efficacy was estimated using a nerve locator and 
absence of motor response.90

Textbooks, standard operating procedures, and other docu-
ments. The doses reported were generally similar, staying 
within the range given in textbooks for mammals (lidocaine, 2 
to 5 mg/kg; bupivacaine, 1 to 2 mg/kg). There were 2 excep-
tions,4,94 which used doses as high as 15 mg/kg lidocaine in 
Tegu lizards and Brazilian rattlesnakes (C. durissus terrificus) 
and reported no side effects. Local anesthetics were used for 
varied purposes, mainly at surgical sites and for endotracheal 

intubation as well as for desensitizing the cloacal region and 
for spinal or dental blocks.

According to the literature, the use of local anesthetics is 
widespread in reptiles than in amphibians or fish. Apparently 
supporting this trend, a 2002 survey of members of the Asso-
ciation of Reptile and Amphibian Veterinarians revealed that 
nearly one third of participants reported using local anesthet-
ics.67 Information concerning local anesthetics and their use in 
reptiles has continued to grow. This more prevalent use of local 
anesthetics in reptiles might be associated with the fact that 
information concerning these drugs is more readily available in 
the literature through many references in textbooks as well as 
case studies, conference proceedings, and clinical experiments. 
The value of clinical experiments and case studies should not 
be underestimated, and we believe that they can be especially 
practical for clinicians because they report a very precise and 
applicable use of local anesthetics in a specific context. However, 
the data are only useful if efficacy and dose are actually tested 
and reported.

Conclusions
In most textbooks and case reports, the recommended doses 

of local anesthetics for use in for fish, amphibians, and reptiles 
is the same as that in mammals. However, very little evidence 
was available that supported the appropriateness of this rec-
ommendation for these animals. Moreover, the actual doses 
used in research studies and case reports vary widely and are 
often higher than those recommended in textbooks. Thus it is 
impossible to provide a table that contains the recommended 
doses of these drugs for these animals.

The amphibian and fish literature concerning local anesthet-
ics is very sparse. The reptilian literature is more extensive 
and shows that local anesthetics are used in some routine pro-
cedures, such as endotracheal intubation.78 Local anesthetics 
were used without any epinephrine additive in all cases in fish 
except one.17 Lidocaine was the most commonly mentioned 
local anesthetic for use in amphibians, fish, or reptiles and was 
almost the sole agent for amphibians and fish, with the excep-
tions of bupivacaine and procaine, respectively. The reptilian 
literature also includes mepivacaine, tetracaine, EMLA cream, 
and a mixture of lidocaine-bupivacaine in addition to bupiv-
acaine, procaine, and lidocaine.

None of the information collected here is based on pharma-
cokinetic or pharmacodynamic data from the target species. 
These data on local anesthetics are not yet available for any 
species of fish, amphibian, or reptile and have been obtained 
only for mammalian species. Regardless, local anesthetics are 
used or recommended for use in fish, amphibians, and reptiles 
due to their perceived benefit and based on rare mentions of 
clinician’s personal experience and even rarer case studies. Cau-
tion is advised in light of the important difference in biologic 
characteristics between mammals and the 3 groups of animals 
discussed here as well as key differences between species within 
each group. Those differences influence the way those animals 
respond to and metabolize drugs. Furthermore, we know that 
the structure of the voltage-gated sodium channels on which 
local anesthetics act varies between species as well as within 
species acclimated to different temperatures.91 Therefore the 
binding of these drugs and thus the effective dose likely will 
differ between species, making it important to report efficacy 
in different species as well as to gather detailed pharmacody-
namic information about local anesthetics in those animals. 
Doing so would improve our knowledge of the properties of 
local anesthetics in fish, amphibians, and reptiles and therefore 
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Table 3. Reptiles: Results of a literature search for use of local anesthetics for local anesthesia in reptiles.

Agent Dose
Maximal dose 

(mg/kg) Route Species Comments

Textbooks

Bupivacaine 1–2 mg/kg 4 T77 ND; chelonians58 Repeat every 4-12 h9,46,57,78

1077 LI

Lidocaine (0.5% to 
2%)

2–5 mg/kg 477 T9,47,75,77 ND Infiltrate to effect; often used in conjunction with 
chemical immobilization;9 repeat every 4–12 h;46,78 
used for desensitization of glottis 2–3 min before 
intubation; good with manual restraint for minor 
procedures in most reptiles, but additional drugs 
should be used for venomous snakes and large 
crocodilians76,77

10 LI

Lidocaine (0.5% to 
2%)

— 2 LI Chelonians May be used as adjunct to general anesthesia; 
epithecal anesthesia may be used alone or in 
conjunction with general anesthesia for surgeries 
of the cloaca and tail57

1 mg/kg — SI

Lidocaine 2% — — LI ND23 American 
alligators (A. mississip-

piensis)20

Line blocks are effective for minor procedures if 
adequate restraint is provided; digital amputations 
and a midfemur amputation on alligators per-
formed by using only lidocaine for anesthesia and 
physical restraint;20 good alternative for general 
anesthesia for minor procedures23

Procaine 1% — — LI ND Good alternative for general anesthesia for minor 
procedures23

Experimental studies
Bupivacaine 1.15 mg/kg SI Red-footed tortoise (C. 

carbonaria)
Applied 0.2 mL per 5 cm of carapace74

Lidocaine 2% — — T Prairie rattlesnakes (C. 
viridis)

Anesthetized the facial pits: this treatment com-
pletely blocked trigeminal responses to cooling or 
heating of the pits, even  with extreme stimuli such 
as ice or a hot soldering iron; duration of 25 min16

Lidocaine 2% 1 mg/kg — LI Chelonians Not sufficient
anesthesia for celioscopy when used alone30

Lidocaine 2% 3 mg/kg — SI D’Orbigny’s slider 
turtle (T. dorbignyi)

Anesthesia and muscle relaxation of the tail, 
cloaca, and pelvic members; average duration of 
anesthesia of 82 min; no side effects or significant 
heart rate change31

Lidocaine 2% 4 mg/kg — SI Red-eared sliders (T. s. 
elegans)

Motor block of the tail, cloaca, and hindlimbs; 
duration of 1 h50

Lidocaine 2% 4.6 mg/kg — SI Red-footed tortoise (C. 
carbonaria)

Applied 0.2 mL per 5 cm of carapace74

Case studies
EMLA cream (lido-
caine-prilocaine)

1 g/10 cm2 — T Chelonians Surgical anesthesia was reached within 19.22 ± 4.36 
min; full recovery of the tail and hind limb with-
drawal reflex and the full response to pinching 
was recorded at 40.8 ± 7.7 min after application82

Lidocaine 2% 4–8 mg/kg — SI Red-footed tortoise (G. 
carbonaria)

Provided an anesthetic period of 45 to 206 min19

Lidocaine 2% 10 mL — LI Python (P. molurus) Used to desensitize cloacal mass22
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Agent Dose
Maximal dose 

(mg/kg) Route Species Comments

Lidocaine 2% 5 mg/kg — LI Tegu lizard (T. merianae) Used at surgical site25

Lidocaine 2% 0.8 mg/kg — SI Galapagos tortoises (G. 
nigra)

Allowed phallectomy in conscious tortoises71

Mepivacaine 2% 1 25–29 LI Crocodilians Used as a mandibular nerve block in alligators90

Others
Bupivacaine 0.25% <2 mg/kg 2 LI ND Useful when the critical nature of a patient pre-

cludes general anesthesia51

Bupivacaine — — T ND Local anesthetics (lidocaine and bupivacaine) are 1 of 
the 5 most used analgesic drugs in reptiles in 200467

Lidocaine LI

Cetacaine spray — — T American alligators (A. 
mississippiensis)

Used at the surgical site63

(benzocaine, butam-
ben, tetracaine)

Lidocaine — — LI ND Manual restraint supplemented with local infiltra-
tion around the surgical site is satisfactory for 
minor surgical procedures89

Lidocaine 1% 4 mL — LI Loggerhead sea turtles 
(C. caretta)

Used at incision site for laparoscopy43

Lidocaine 1% 20 μL55 — T, LI55 Female red-sided garter 
snakes (T. s. parietalis)

Numbed the cloacal region53,54

Lidocaine 1% 15 — LI Brazilian rattlesnake (C. 
d. terrificus)

Dose was diluted to a total volume of 1.0 mL in 
normal saline and divided between 4 injection 
sites (0.25 mL/site) anterior to the cloaca94

Lidocaine 1% to 2% — — T ND Can be used on glottis to help intubation or as a 
local infiltration for minor procedures; restraint is 
still required32

LI

Lidocaine 1% to 2% 0.1–0.2 mL — LI Multiple snake species Combined with general anesthesia (ketamine, 
hypothermia) for venom gland adenectomy33

Lidocaine 2% 2–15 mg/kg — LI Tegu lizard (T. merianae) Used at surgical site4

(0.2–1.0 mL)

Lidocaine 2% — — LI ND Effective in providing anesthesia for laceration re-
pair, abscess therapy, and other minor procedures5

Lidocaine 2% <2 mg/kg 2 mg/kg LI ND Useful when the critical nature of a patient pre-
cludes general anesthesia51

Lidocaine 2% — — LI American alligators (A. 
mississippiensis)

Use on incision line and to block a heart valve85

Lidocaine 5% — — T Pond turtle (P. scripta) Used for postoperative anesthesia of a wound65

Lidocaine 2% + 
bupivacaine 0.25%

2 mg/kg + 1 
mg/kg

<2 mg/kg LI ND Can help to reduce or negate the need for anes-
thetic drug in critical patients51

Table 3. Continued

jaalas16000146.indd   250 5/8/2017   12:28:17 PM



251

Review of local anesthetics in fish, amphibians, and reptiles

improve our use of these drugs in those species. In the mean-
time, clinicians must make educated decisions, basing them 
on the available literature while taking into account the source 
they are using, especially whether the source evaluated the ef-
ficacy of the drug. To facilitate this process, we have collected 
and categorized publications in the current review according 
to the source’s type.

Although personal communication between clinicians is a 
common way to share information, publication in scientific 
journals remains the best way to disseminate knowledge. Per-
forming an in-depth experiment involving the collection of 
pharmacologic data to assess the efficacy of analgesic drugs 
like local anesthetics is not the only way to help improve our 
knowledge of such drugs. Presenting at conferences and pub-
lishing case studies of the use of such drugs in ‘exotic’ species 
can be greatly beneficial; the reptile literature is a good example 
of this. Clinicians in laboratory settings as well as zoological 
institutions often have many fish and amphibians in their care. 
Some clinicians already may be using local anesthetics to treat 
various cases yet have not shared their experience through pub-
lication. We encourage clinicians and researchers to investigate 
and publish information regarding local anesthetics to broaden 
their use in improving animal health.
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