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Comparison between a Tail Clamp and Electrical
Stimulation for Sevoflurane Minimum Anesthetic
Concentration Determination in Green Iguanas
(Iguana iguana)

Laura R Ghussn, DVM,! André A Justo, DVM, MSc,! Mariana C Sanches, DVM, MSc,!
Silvia RG Cortopassi, DVM, MSc, PhD,? and Adriano B Carregaro, DVM, MSc, PhD**

This study aimed to compare the minimum anesthetic concentration (MAC) of sevoflurane in green iguanas using elec-
trical stimulation and tail clamping as noxious stimuli. Seven adult green iguanas (Iguana iguana) weighing 580 to 1,300¢g
were enrolled. Each iguana was anesthetized twice after a 1-week washout period, with MAC being determined using a tail
clamp (MACT) or electrical stimulation (MACE) techniques. After sevoflurane mask induction and endotracheal intubation,
the fraction of expired sevoflurane (FE'Sevo) was maintained at 3.1% for 15min before noxious stimulation. In a bracketing
design, the subsequent FE'Sevo values were increased or decreased by 10% after positive or negative responses, respectively.
Each targeted Fe’Sevo was kept constant for 15min before stimulation. In MACT, the noxious stimulus involved closing a
Kelly hemostatic curved forceps to the first ratchet at the base of the tail. At the same site, in MACE, 2 30 x 0.8—-mm hypodermic
needles inserted 1cm apart were connected to an electrical stimulator set to deliver 30 mA at 50Hz at a 6.5-ms interval. The
hemostat and the needles were repositioned 2 cm distally and on alternate tail sides at each stimulation round. Individual
MAC was obtained when 2 consecutive crossover events occurred (a positive response preceding a negative response or vice
versa), with the MAC of each group represented by the average of the individual MAC values. Median (interquartile range)
values for the sevoflurane MAC did not differ significantly between groups (2.2 [2.2 to 2.8%] in MACE and 2.2 [1.8 to 3.5%]
in MACT; P = 0.812). Time to anesthesia induction, time to MAC measurement, heart rate (HR), end-tidal carbon dioxide
(ET"CO,), and cloacal temperature were not different between groups. Both the tail-clamping and the electrical stimulation
techniques yielded resembling sevoflurane MAC values in green iguanas, which makes the tail clamp a reliable alternative
to electrical stimulation-based MAC research in this species.

Abbreviations and Acronyms: ET’CO,, end-tidal carbon dioxide; FE'Sevo, fraction of expired sevoflurane; HR, heart rate; MAC,
minimum anesthetic concentration; MACE, minimum anesthetic concentration using electrical stimulation; MACT, minimum

anesthetic concentration using a tail clamp
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In green iguanas, it has been suggested that electrical
stimulation-induced tissue desensitization could be respon-
sible for the observed decreased MAC values when repeated
exposure to electrical stimulation at a single tail site is used as

Introduction
The growing trend of keeping reptiles as pets!® has increased
interest in refining methods of anesthesia for clinical and
research purposes. In lizards, the escalating use of inhalation

anesthesia has prompted the establishment of species-specific
minimum anesthetic concentration (MAC) values,*®%12 where
MAC is described as the concentration abolishing purposeful
movements in 50% of the individuals of a population submitted
to a supramaximal noxious stimulus.” In addition to guiding
the maintenance of a surgical plane of anesthesia, the MAC has
proved to be key to ensuring safe lizard anesthesia as cardio-
vascular depression was demonstrated at increasing isoflurane
concentrations in green iguanas (Iguana iguana).'3
Traditionally, lizard MAC studies have relied on electri-
cal currents applied to the tail for noxious stimulation.*¢12
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noxious stimuli. Indeed, such phenomenon was documented
in rats undergoing high-voltage electrical stimulation,!! thus
raising the question of whether the electrical stimulation-based
methods used in lizard MAC research actually achieve
supramaximal noxious stimuli.

Alternatively, the tail-clamping technique has been
applied in other animals,'® representing a more accessible
and user-friendly method for MAC determination. The MAC
of halogenated anesthetics obtained with electrical currents
and a tail clamp were similar in rats"! and dogs.” To the au-
thors” knowledge, it has not been addressed whether electrical
stimulation and tail-clamping techniques provide comparable
MAC values in lizards. Therefore, this study aimed to inves-
tigate the sevoflurane MAC in green iguanas as determined
by electrical noxious stimulation and a tail-clamp test. It was
hypothesized that the sevoflurane MAC obtained by electri-
cal stimulation would be equivalent to that measured using
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the tail-clamping technique in green iguanas after noxious
stimulation at varying tail sites.

Materials and Methods

This study was approved by the Animal Care and Use Com-
mittee of the Faculty of Animal Science and Food Engineering,
University of Sao Paulo (protocol Number 8969311022), and
by the Brazilian Biodiversity Information and Authorization
System (SISBIO Number 79652 to 2).

Animals. Seven adult green iguanas (580 to 1,300g) of
unknown sex were included. A subcutaneous microchip
(Destron Fearing, Dallas, TX) identified individuals. Animals
were housed at a lizard colony set up to keep a temperature-
(25 t0 30°C), humidity- (50 to 60%) and photoperiod-controlled
(12:12-h light:darkness) environment. The individuals were
housed in pairs in fiberglass tanks (1.35x0.73m) with hay as
substrate, plastic containers for food and water, and tree branch-
es as perches. Iguanas were fed a balanced diet composed of
dark leafy greens, vegetables and fruits enriched with a calcium
carbonate supplement (Homeopatia Ouro Preto, Pirassununga,
Brazil). Water was provided ad libitum.

A 12-h-light cycle was maintained by 30-W UVA/UVB
fluorescent lamps (Lucky Herp, Changzhou Jiangsu, China). In
addition, at basking spots, high-temperature areas (40 to 45 °C)
were created by 250-W incandescent lamps (Lumanti Lighting
for Life, Erechim, Brazil), remaining switched on for 2h twice
daily. Animals were deemed healthy based on clinical examina-
tions, feeding behavior, and weight gain over time.

Study design. This study used a prospective, crossover, non-
blinded, and nonrandomized design. Animals were assigned
depending on the technique used for sevoflurane MAC deter-
mination to either the tail-clamp (MACT; n = 7) or electrical
stimulation (MACE; nn =7) groups. First MACT, then MACE, was
conducted, after a 1-week washout period was implemented. All
data were collected during summer (December 2022 to March
2023), with anesthesia induction performed at 12:00 to avoid
the influence of circadian rhythms.

Instrumentation and variables monitored. Food, but not water,
was withheld 24 h before anesthesia. At the anesthesia facility,
temperature of ambient air was prewarmed to 28 to 30°C.
Animals were manually restrained in sternal recumbency and
anesthesia induction was carried out with sevoflurane (Sevocris,
Cristalia, Itapira, Brazil) in oxygen (3 L min™!), delivered through
a face mask connected to a nonrebreathing Mapleson B circuit
modified to contain one-way valves on the inspiratory and
expiratory limbs of the circuit. The dial of the vaporizer (V60;
Mindray, Shenzhen, China) was initially set to 8 Vol% until
mandibular tone and righting reflex were abolished, as assessed
at 60-s intervals. Orotracheal intubation was performed with
a 2.0-mm uncuffed endotracheal tube (Rusch, Duluth, GA),
fresh gas flow rate was reduced to 500mL min~! and the dial
of the vaporizer adjusted to achieve a 3.1% fraction of expired
sevoflurane (FE'Sevo). This Fg’'Sevo neared the sevoflurane
MAC established for this species.*

The animals underwent pressure-controlled mechanical
ventilation (Wato EX-35Vet; Mindray, Shenzhen, China), with
peak inspiratory pressure, respiratory rate and inspiration-to-
expiration ratio set at 5cm H,O, 4breaths min~! and 1:2,
respectively. A 22-gauge catheter (Solidor, India) was inserted
through the endotracheal tube and its tip advanced halfway
down the tube. The catheter was attached to a sidestream
sampling line (aspiration rate: 200mL min~!) of an infrared
gas analyzer (Wato EX-35Vet, Mindray, Shenzhen, China) for
end-tidal carbon dioxide (ET'CO,) and FE'Sevo measurements.

Sevoflurane minimum anesthetic concentration in green iguanas

Cardiorespiratory variables were recorded every 10min by
a multiparameter monitor (ePM 12M Vet; Mindray, Shenzhen,
China). Alead II electrocardiogram registered HR and rhythm,
with the electrodes coupled to the skin folds on both forelimbs
and left hindlimb. Body temperature, as assessed with a probe
inserted 10cm into the esophagus, was maintained between
31 and 32°C by using an electrical heating mattress (Infrared
Heat Mattress; Sonobel, Pelotas, Brazil). Animals remained in
sternal recumbency during anesthesia.

MAC determination. Before each MAC determination, the gas
analyzer was calibrated using room air and 3 standards of known
sevoflurane concentrations (0.5, 1.5, and 3%) (White Martins
Gases Industriais SA, Rio de Janeiro, Brazil). FE'Sevo values
obtained after anesthesia were corrected using linear regression
equations obtained from the measurements of the calibration gas
standards. After reaching the initial target FE'Sevo (3.1%), this
value was kept constant for 15min before commencing noxious
stimuli delivery. In MACT, a Kelly hemostatic curved forceps
was closed to the first ratchet at the base of the tail, caudolateral
to the cloaca. In MACE, 2 30 x 0.8-mm hypodermic needles in-
serted 1cm apart at the same site as in MACT were connected
to the electrodes of an electrical stimulator (MT 10-BR, Medcir,
Brazil) preset to deliver 30mA at 50 Hz in 6.5-ms intervals. Fur-
thermore, the hemostat and the needles were repositioned 2cm
distally and on alternate tail sides at each stimulation round.>!!
Noxious stimulation was continuously delivered for up to 1min
in MACE" or for 2s in MACT,'° unless the iguana showed posi-
tive motor responses before this (gross movements of the limbs
and/or lifting of the head or neck). Discrete muscle spasms at
the stimulated site were considered negative responses.

A bracketing design was used to establish the sevoflurane
MAC. Briefly, the FE'Sevo was increased or decreased by 10% af-
ter a positive or negative response to the stimulus, respectively.
Atevery new target FE’'Sevo, 15min were considered before the
noxious stimulus was reapplied. These steps were performed
until 2 consecutive crossover events were observed, that is, a
positive response preceding a negative response or vice versa.
Individual MAC values were determined as the arithmetic
mean of the highest FE'Sevo allowing movement and the lowest
FE’Sevo preventing movement.

After MAC determination, the vaporizer dial was reset to
zero and time to MAC measurement was recorded. The afore-
mentioned ventilatory mode was maintained until spontaneous
ventilation was observed by capnography, and extubation was
performed after endotracheal tube chewing. Animals were
returned to their original tanks no earlier than 60 min postex-
tubation and were closely monitored on the following day after
anesthesia to ensure normal feeding behavior.

Statistical analysis. Based on pilot studies, the sample size
(n = 7) was estimated considering standard deviation, a error,
B error, and effect size values of 0.13, 0.05, 0.20, and 0.4, re-
spectively (http://estatistica.bauru.usp.br/calculoamostral/).
GraphPad Prism (GraphPad Software, San Diego, CA) was
used for all analyses. The symmetry of the data distribution was
verified by the Shapiro-Wilk test, and the coefficient of variation
helped determine the extent of variability of data. Normally dis-
tributed data were expressed as mean + SD; otherwise, they were
expressed as median (interquartile range). Time to sevoflurane
induction, MAC, and time to MAC measurement were com-
pared between groups using paired t (parametric) or Wilcoxon
(nonparametric) tests. Cardiorespiratory variables were analyzed
between treatments by a 2-way repeated measures ANOVA fol-
lowed by the Sidak multiple comparisons test. Differences were
considered to be statistically significant at P < 0.05.
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Results

Acceptance of restraint during sevoflurane delivery by
mask was satisfactory, and time to induction did not differ
between groups (9.1 [5.7 to 9.8] min in MACE and 11.1 [9.0
to 12.5] in MACT; P = 0.375). Median (interquartile range)
values for the sevoflurane MAC were not significantly differ-
ent between the electrical and tail-clamping techniques, being
2.2 (2.2 to 2.8%) in MACE and 2.2 (1.8 to 3.5%) in MACT
(P =0.812) (Figure 1). Time to MAC measurement was 186 (147
to 279) min in MACE and 211 (194 to 292) min in MACT, which
were not different between groups (P = 0.468). No statistically
significant between-treatment differences were found for HR,
ET’'CO, and cloacal temperature. Overall HR was 36+6 bpm
in MACE and 35+5 bpm in MACT, while ET’CO, was 14 (10 to
16) mmHg in MACE and 12 (11 to 14) mmHg in MACT. Cloa-
cal temperature was 31+0.8°C across treatments. All animals
recovered uneventfully.

Discussion

This study provides a comparison of 2 methods for assessing
MAC in green iguanas and indicates that tail-clamping and
electrical stimulation techniques could be used interchange-
ably to determine the sevoflurane MAC in this species. This
finding bears relevant practical effects for future MAC experi-
ments in green iguanas, especially considering the cost of an
electrostimulator compared with a hemostat forceps. Besides,
in electrostimulation-based MAC studies, correct needle
placement implies tail puncturing, which may be bruising or
predispose the skin to infection. This may be particularly con-
cerning when the needles are constantly repositioned to avoid
desensitization and thermal injury, as were in the current and
in past studies.>*!!

MAC research is grounded on the assumption that the nox-
ious stimulus emulates a surgical incision, which is the one
deemed supramaximal."! Although lizard MAC studies have
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Figure 1. MAC of sevoflurane obtained in green iguanas after electrical
stimulation (MACE; n = 7) and tail-clamping (MACT; n = 7) techniques
in a nonrandomized, complete crossover design, with a minimum
washout period between treatments of 1wk. Each symbol represents an
animal and the median MAC is indicated by horizontal bars.

widely used electrical stimulation, the ideal electrostimulator
settings, that is, the one producing supramaximal stimuli, have
not been established. The settings applied in the current study
followed a tegu (Salvator merianae) experiment,® yet the electrical
intensity required to attain supramaximal stimuli may vary ona
species-specific basis.>!2 As for the tail clamp, there is a paucity
of evidence supporting its use for lizard MAC determination.
The protocol reported here was based off of a ball python (Python
regius) study,'” though it is unknown whether grasping the tail,
and no other body parts (for example, toe or vent), reflects a
supramaximal stimulus in lizards. Therefore, whereas present
data show that a tail clamp and electrical stimuli, as applied
according to current descriptions, yield equivalent levels of
noxious stimulation in green iguanas, it remains to be confirmed
whether both stimuli are indeed supramaximal.

MAC underestimation in green iguanas has been attributed
to tissue desensitization after repeated application of electrical
stimuli at a single site.? In this sense, moving the electrodes at
each round of stimulation, as compared with using the base of
the tail alone,* would presumably lead to higher—and more
accurate—MAC values. However, in MACE, the sevoflurane
MAC (2.2 [2.2 t0 2.8%]) was lower than that previously reported
for this species (3.1 + 1%).% Such a disparity could be explained
by methodology- and physiologic-related factors.

First, in lizard MAC research, contamination with inspired
gas may be avoided by collecting end-tidal gases through a
sampling line fed down the endotracheal tube up to its tip.512
In view of the small luminal diameter of the endotracheal
tube used, this maneuver proved to be impractical for the
iguanas of the current study; instead, a catheter was used for
end-expired gas measurements, its tip resting on the midpoint
between the proximal and distal ends of the endotracheal tube.
Although airway gas dilution could still have been present at
this sampling site, it likely occurred to a decreased magnitude
than that in the above-mentioned experiment,* where the
sample collection line was placed between the endotracheal
tube and the breathing circuit. Therefore, the previously docu-
mented sevoflurane MAC of green iguanas could have been
abnormally high because equipment dead space contributes
with dilution of expired gases with fresh gas flow,® which is
high in anesthetic and low in carbon dioxide partial pres-
sures. Second, in the present study, the body temperature of
the green iguanas (31 + 0.8°C) fell within the temperature
interval of husbandry recommendations for this species
(30 to 32°C),!* though largely contrasted to that previously
published (35.5 + 0.2°C).* Considering the well-known linear
relationship between MAC and body temperature,>? MAC
values similar to those described here should be expected
only in green iguanas maintained within the current reported
body temperature range. Such a statement is corroborated by
an early study in isoflurane-anesthetized rats, where MAC
decreased by as much as 5.28% at the rate of 1°C Decrease in
body temperature.'®If a similar relationship also holds true for
iguanas, then the observed 2.2% sevoflurane MAC at 31 °C in
the present study would be near 2.6% at 35 °C. Third, previous
studies have pondered whether the extent to which right-to-left
intracardiac shunting occurs during lizard gas anesthesia could
impair MAC estimates by altering pulmonary dead space.?
For example, if faveolar-arterial equilibration of sevoflurane
partial pressures is delayed because of intracardiac shunting
during green iguana anesthesia, then the 15-min equilibration
time reported here would have been insufficient for a steady
state to be reached prior to MAC measurements. Equilibration
times reported in the literature range from 15 to 30 min for
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lizards*®°12 yet merit a more in-depth investigation because it

could provide insights into the influence of time elapsed until
MAC assessment on interstudy MAC discrepancies.

In summary, the tail clamp and the electrical stimuli produced
comparable sevoflurane MAC values in green iguanas, thus
making the tail-clamping technique a promising one for MAC
determination in other lizard species. Further research is war-
ranted to establish whether the tail-clamp stimulus reflects a
supramaximal noxious stimulus in green iguanas.

Conflict of interest

The author(s) have no conflict(s) of interest to declare.

Funding
This study was funded by grants number 21/02433-8 and 22/05391-7,
Sao Paulo Research Foundation (FAPESP).

References

1. Alvillar BM, Boscan P, Mama KR, Ferreira TH, Congdon J, Twedt
DC.2012. Effect of epidural and intravenous use of the neurokinin-1
(NK-1) receptor antagonist maropitant on the sevoflurane mini-
mum alveolar concentration (MAC) in dogs. Vet Anaesth Analg
39:201-205. https:/ /doi.org/10.1111/j.1467-2995.2011.00670.x

2. Aranake A, Mashour GA, Avidan MS. 2013. Minimum alveolar
concentration: ongoing relevance and clinical utility. Anaesthesia
68:512-522. https://doi.org/10.1111/anae.12168

3. Badgwell JM, Heavner JE, May WS, Goldthorn JE Lerman J.
1987. End-tidal PCO2 monitoring in infants and children ventilated
with either a partial rebreathing or a non-rebreathing circuit.
Anesthesiology 66:405-409. https://doi.org/10.1097 /00000542-
198703000-00027

4. Barter LS, Hawkins MG, Brosnan R], Antognini JF, Pypendop
BH. 2006. Median effective dose of isoflurane, sevoflurane, and
desflurane in green iguanas. Am J Vet Res 67:392-397. https:/ /doi.
org/10.2460/ajvr.67.3.392

5. Bertelsen MF, Mosley CAE, Crawshay GJ, Dyson DH, Smith DA.
2005. Anesthetic potency of sevoflurane with or without nitrous
oxide in mechanically ventilated Dumeril monitors. ] Am Vet Med
Assoc 227:575-578. https:/ /doi.org/10.2460/javma.2005.227.575

10.

11.

12.

13.

14.

15.

16.

Sevoflurane minimum anesthetic concentration in green iguanas

. Carregaro AB, Bressan TF, Xavier NV, Silva ANE, Justo AA,

Myiashiro VY, Sanches MC. 2022. Sevoflurane sparing effect
of morphine in tegus (Salvator merianae)-A preliminary study.
Top Companion Anim Med 50:1-5. https://doi.org/10.1016/
j-tcam.2022.100678

. Eger EI, Saidman L], Brandstater B. 1965. Minimum alveolar

anesthetic concentration: A standard of anesthetic potency.
Anesthesiology 26:756-763. https://doi.org/10.1097 /00000542~
196511000-00010

. Ferreira TH, Steffey EP, Mama KR, Rezende ML, Aguiar

AJ. 2011. Determination of the sevoflurane sparing effect of
methadone in cats. Vet Anaesth Analg 38:310-319. https://doi.
org/10.1111/j.1467-2995.2011.00618.x

. Hess JC, Benson GJ, Grimm KA, Sarr R, Constable PD,

Tranquilli WJ. 2008. Minimum alveolar concentration of isoflu-
rane and arterial blood gas values in anesthetized green iguanas,
Iguana iguana. ] Herpetological Med Surg 17:118-124. https:/ /doi.
org/10.5818/1529-9651.17.4.118

James LE, Williams CJ, Bertelsen ME, Wang T. 2018. Anaesthetic
induction with alfaxalone in the ball python (Python regius): Dose
response and effect of injection site. Vet Anaesth Analg 45:329-337.
https://doi.org/10.1016 /j.vaa.2017.12.003

Laster M]J, Liu J, Eger EI, Taheri S. 1993. Electrical stimulation as
a substitute for the tail clamp in the determination of minimum
alveolar concentration. Anesth Analg 76:1310-1312. https://doi.
org/10.1213/00000539-199376060-00021

Mosley CAE, Dyson D, Smith DA. 2003. Minimum alveolar
concentration of isoflurane in green iguanas and the effect of butor-
phanol on minimum alveolar concentration. ] Am Vet Med Assoc
222:1559-1564. https://doi.org/10.2460/javma.2003.222.1559
Mosley CAE, Dyson D, Smith DA. 2004. The cardiovascular
dose-response effects of isoflurane alone and combined with
butorphanol in the green iguana (Iguana iguana). Vet Anaesth
Analg 31:64-72. https:/ /doi.org/10.1111/j.1467-2995.2004.00135.x
Rossi JV. 2006. General husbandry and management, p 25-41. In:
Mader DR, editor. Reptile medicine and surgery, 2nd ed. St. Louis
(MO): Saunders Elsevier.

Valdez JW. 2021. Using google trends to determine current, past,
and future trends in the reptile pet trade. Animals (Basel) 11:1-18.
https://doi.org/10.3390/ani11030676

Vitez TS, White PE, Eger EI. 1974. Effects of hypothermia on
halothane MAC and isoflurane MAC in the rat. Anesthesiology
41:80-81. https:/ /doi.org/10.1097 /00000542-197407000-00020

http://prime-pdf-watermark.prime-prod.pubfactory.coﬁ‘ﬂ 2025-02-25


https://doi.org/10.1111/j.1467-2995.2011.00670.x
https://doi.org/10.1111/anae.12168
https://doi.org/10.1097/00000542-198703000-00027
https://doi.org/10.1097/00000542-198703000-00027
https://doi.org/10.2460/ajvr.67.3.392
https://doi.org/10.2460/ajvr.67.3.392
https://doi.org/10.2460/javma.2005.227.575
https://doi.org/10.1016/j.tcam.2022.100678
https://doi.org/10.1016/j.tcam.2022.100678
https://doi.org/10.1097/00000542-196511000-00010
https://doi.org/10.1097/00000542-196511000-00010
https://doi.org/10.1111/j.1467-2995.2011.00618.x
https://doi.org/10.1111/j.1467-2995.2011.00618.x
https://doi.org/10.5818/1529-9651.17.4.118
https://doi.org/10.5818/1529-9651.17.4.118
https://doi.org/10.1016/j.vaa.2017.12.003
https://doi.org/10.1213/00000539-199376060-00021
https://doi.org/10.1213/00000539-199376060-00021
https://doi.org/10.2460/javma.2003.222.1559
https://doi.org/10.1111/j.1467-2995.2004.00135.x
https://doi.org/10.3390/ani11030676
https://doi.org/10.1097/00000542-197407000-00020

	Comparison between a Tail Clamp and Electrical Stimulation for Sevoflurane Minimum Anesthetic Concentration Determination in Green Iguanas (﻿Iguana iguana﻿)
	Abbreviations and Acronyms
	Introduction
	Materials and Methods
	Animals.
	Study design.
	Instrumentation and variables monitored.
	MAC determination.
	Statistical analysis.

	Results
	Discussion
	Conflict of interest
	Funding
	References


