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Amphibian medicine and surgery are of increasing interest 
in veterinary practice. Many drugs have been used as anesthet-
ics in amphibians, including systemic injections of ketamine4 
and other cyclohexanones, such as tiletamine combined with 
zolazepam;13 benzocaine;5,21,26 volatile anesthetics such as meth-
oxyflurane, halothane, and isoflurane administered topically or 
via a water bath;18,19,23,25 intracoelomic injection of medetomi-
dine or barbiturates;4,11,22 and bath administration of clove oil 
or eugenol.5,6,11 Historically, tricaine methanesulfonate (MS222) 
has been the most commonly used agent for inducing anesthesia 
in frogs.3,12,14 Propofol has rarely been used in amphibians. In 
frogs, sublingual plexus injection (10 mg/kg) of propofol rapidly 
achieved sedation but not surgical anesthesia.11 Intraceolomic 
administration of propofol (30 mg/kg) may provide adequate 
anesthesia,22 but this result was achieved in only 1 Pelodryas 
caerula frog. Therefore, although many anesthetic substances 
have been used in amphibians, they have produced variable 
planes and durations of anesthesia.

Anesthesia of amphibians is controversial with regard to 
defining the state of anesthesia. Pharmacokinetic studies of 
analgesics and anesthetics used in frogs are still needed, as are 
standardized methods to evaluate the depth of anesthesia in 
frogs. Onset and depth of anesthesia can be determined through 
the observation of several distinct phases: prephase of paradoxi-
cal excitement, loss of righting reflex, cessation of abdominal 
respiration movements, cessation of spontaneous movements, 
loss of corneal reflex, loss of guttural movements, and cessa-
tion of withdrawal movements after nociceptive stimulation (in 
order of progressive anesthesia depth).2,12,19 Based on a recent 
publication, amphibians can be considered anesthetized if loss 
of the righting and withdrawal reflexes is achieved.25

Because bath administration has shown some success for 
anesthetizing frogs and because few studies have been done 
to evaluate propofol as an anesthetic, the primary goal of this 
study was to determine the anesthetic properties of propofol in 
Xenopus laevis frogs using a bath administration.

Materials and Methods
Animals. A total of 33 nonbreeding female Xenopus laevis frogs 

(Xenopus I, Dexter, MI) with body weights ranging from 115 to 
165 g were used. Frogs were housed in water-filled (>4 l/frog) 
polycarbonate cages (40 cm × 20 cm × 15 cm; Ancare, Bellmore, 
NY). The purified water was obtained from filtering through 
activated charcoal and UV treatment (pH, 6.8 to 7.3; chlorine 
and chloramines, 0 mg/ml; ammonia, 0.2 mg/ml (normal range, 
0.4 to 0.6 mg/ml); nitrites, 0 mg/ml (normal, <1 mg/ml); hard-
ness, 0 (normal range, 70 to 150 mg/ml); copper, 0 mg/ml [all 
tubing was polyvinyl chloride]). Water and room temperatures 
were kept at 21 ± 2 °C at all times. Every 2 d, the water was 
changed, and the containers were cleaned. Animals were fed 
every other day with blood worms (Bloodworms Tropical Fish 
Food, Hayward, CA). The experimental protocol was approved 
by the institutional Animal Care and Use Committee of the 
Faculty of Veterinary Medicine of the University of Montreal 
prior to animal use and is in accordance with the guidelines of 
the Canadian Council on Animal Care.

Chemicals. Propofol (purity, 97%) in its liquid form (0.962 g/
ml) was purchased from Sigma (St Louis, MO).

Pharmacodynamic study. In a pilot study, 9 frogs were used 
(n = 3 per dose). Immersion for 15 min in a bath containing 
propofol at 350, 175, and 88 mg/l were used sequentially to 
evaluate anesthesia. With the higher doses (350 and 175 mg/L), 
all frogs died. An apparently acceptable level of anesthesia was 
seen with 88 mg/l (data not shown), and this dose was chosen 
for the main study.
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lated to infinity (AUCinf) was calculated by using AUC0–t + Clast/
kel, where Clast was the last measurable plasma concentration.

Statistics and pharmacokinetics. Statistical analysis was 
performed with SAS software (version 8.2, SAS Institute, Cary, 
NC). Statistical significance was set at a P level of 0.05. The 
acetic acid test, heart rate, and respiratory frequency results 
were evaluated by using a repeated-measures linear model 
with time as a within-subject factor. Posthoc Dunnett statistical 
tests were used to evaluate whether postanesthesia results at 
selected time points were significantly different from control 
(–15 min) values.

Results
All 6 animals used in the efficacy study showed darkened 

skin color, decreased muscle tone, but no signs of ill health at 
24 h after immersion in propofol at 88 mg/l.

Pharmacodynamic study. Figure 1 presents the wiping re-
sponse results after bath immersion of frogs in propofol (88 
mg/l). Loss of the nociceptive response occurred on removal 
of the frogs from the bath until 30 min thereafter. The wiping 
response was absent (P < 0.0001) only at 15 min after immersion. 
Even though a high acetic acid concentration (mean, 40% to 60%) 
was necessary to induce a wiping response at 0 and 30 min (P < 
0.001), muscle fasciculations were present in 4 of 6 animals after 
application of the acetic acid drop; similar muscle contractions 
occurred in the remaining 2 frogs at 15 min after induction in 
the absence of a wiping response. The wiping response at 60 
and 120 min did not differ from baseline. Figure 2 shows that 
most animals showed a depressed righting reflex at 0, 30, and 
60 min (100%, 83%, and 66%, respectively, of animals tested) 
and a depressed withdrawal reflex at 0 and 30 min (83% and 
66% respectively). The righting and withdrawal reflexes were 
nearly fully recovered at 60 and 120 min, respectively.

Propofol did not cause significant effects on heart rate (mean 
baseline, 29.9 ± 2.9 beats per minute [bpm]; minimum, 24 bpm; 
maximum, 45 bpm; Figure 3. However, propofol did induce 
respiratory depression (P < 0.01; Figure 4). The mean respiratory 
rate significantly decreased from baseline (27.8 ± 6.2 respirations 
per minute [rpm]) to an average of 0.7 ± 1.6 and 0 rpm at 0 and 
15 min, respectively, and progressively returned to 19.5 ± 7.7 
rpm at 2 h after induction.

Pharmacokinetic study. Pharmacokinetics data (Figure 5) were 
calculated from whole-blood concentrations only. The maximal 
blood concentration was 12.1 µg/ml at 0 min after induction, 
AUC0-t was 24.07 µg∙min/ml, and AUCinf was 24.71 µg∙min/ml. 
Further T1/2 was 1.18 h, suggesting rapid elimination and little 
likelihood of drug accumulation with daily administration.

Discussion
Propofol produces brief, shallow anesthesia in African clawed 

frogs when administered by immersion at a concentration of 
88 mg/l. High concentrations (175 and 350 mg/l) caused death 
in all animals. Behavioral tests revealed that the duration of 
analgesia was at least 30 min, but the depth of anesthesia was 
considered to be light. During the acetic acid test, frogs (4 of 
6) showed muscle fasciculations at 15 min after induction, 
and some frogs (1 of 6 and 2 of 6) reacted at 0 and 30 min after 
induction, respectively, during the withdrawal test. In a previ-
ous study,9 propofol (10 mg/kg) injected extravascularly into 
the sublingual plexus area of Rana pipiens induced sedation, 
but anesthesia was present in only 58% of the tested popula-
tion without achieving surgical anesthesia. In accordance with 
our study, propofol does not appear to be a suitable anesthetic 

Six frogs were used in the efficacy study. Frogs were placed 
individually into a polycarbonate cage with the depth of pu-
rified water adjusted (approximately 1 to 2 cm) to keep the 
nostrils out of the water after propofol administration. During 
experiments, animals were regularly (2 to 3 min) sprayed with 
purified water to ensure optimal gas exchange.11,12 For the 
immersion bath, the propofol solution (88 mg/l; pH, 7.3) was 
placed in a metal container (15 cm diameter × 13 cm depth). The 
animal was immersed for 15 min and the container was covered 
so that the frog was kept in total darkness for the duration of 
induction. Frogs then were thoroughly rinsed with purified 
water and placed into polycarbonate cages with 2 to 3 cm of 
purified water.

Various behavioral tests were used to evaluate the effects 
of propofol. The acetic acid test,20 righting reflex, withdrawal 
reflex, heart rate, and respiratory frequency were used to as-
sess the effects of propofol before immersion and at 0 (end of 
immersion bath), 15, 30 min, and 1 and 2 h after exposure to 
propofol. All tests have been described previously.6 Frogs first 
were assessed with the acetic acid test, which gives an indication 
of the analgesic properties in response to chemical induced pain 
stimuli.16 Application of single drops (20 µl) of incrementally 
increasing concentrations (0, 5, 10, 15, 20, 25, 30, 40, 80, and 
100%) of glacial acetic acid to the dorsum of the frog’s thigh 
or leg. A contact time of 5 s was allowed before thoroughly 
rinsing the tested skin area with purified water. The test was 
considered positive if the frog exhibited the wiping response, 
which consists of a motor reflex whereby the frog dislodged 
the drop by using its other leg. If no reaction was observed, 
the next higher concentration was applied, alternating between 
right and left legs and thighs. The level of desensitization was 
rated as the lowest concentration of glacial acetic acid at which 
a wiping response occurred.

Heart and respiratory rates, as well as the righting reflex 
and withdrawal reflex, were evaluated after completion of the 
acetic acid test. Heart rate was evaluated by using a flow detec-
tor (Doppler Ultrasonic Flow Detector, 8.1 mHz, model 811B, 
Parks Medical Electronics, Aloha, OR). Frogs were placed with 
the probe over the sternum. Abdominal or nare movements 
were counted for respiratory frequency.10 The righting reflex 
was evaluated by assessing the animal’s ability to turn onto its 
ventrum when placed on its back. The withdrawal reflex was 
tested by pinching a phalangeal articulation of the pelvic limb 
with surgical forceps for a maximum of 2 s. Heart and respira-
tory rates were evaluated prior to all reflexes.

Pharmacokinetic study. A total of 18 frogs (n = 3 per time 
point) were used for this study. They were placed individually in 
an immersion bath containing 88 mg/l propofol. Terminal blood 
samples (0.3 ml) were collected from the heart at 0, 0.5, 1, 2, 4, 
and 6 h after administration. When insufficiently anesthetized 
for intracardiac blood sampling, the frogs were anesthetized 
with a 0.2% solution of MS222.19 Whole blood content of pro-
pofol was measured by tandem liquid chromatography–mass 
spectrometry (PESciex API 3+, Applied Isosystem–MDS Sciex, 
Concord, ON, Canada) according to previously published 
methods.1

Pharmacokinetic parameters of propofol in blood were calcu-
lated for each animal by using noncompartmental methods.17 
The area under the time–concentration curve from time 0 to the 
last measurable concentration values (AUC0–t) was calculated 
by using the linear trapezoidal rule. A terminal rate constant 
of elimination (kel) was calculated by using a minimum of 3 
measurable plasma concentrations, and the terminal elimination 
half-life (T1/2) was calculated by using 0.693/kel. AUC extrapo-
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mals. Eugenol, the active molecule of clove oil, can be used to 
anesthetize frogs by using a concentration of 350 mg/ml; frogs 
are placed in approximately 250 ml of immersion solution for 
15 min.6 Surgical anesthesia is obtained for approximately 30 
min, and recovery is seen within 1 to 2 h. The 4-h half-life of 4 
eugenol suggests little accumulation with repeated administra-
tion and prolonged duration of anesthetic effects than seen with 
propofol (T1/2 = 1.18 h). The short duration and light anesthesic 
level in Xenopus frogs may be explained by rapid elimination 
or metabolism of propofol when compared with a similar 
phenol-like chemical (eugenol) which is also high lipophilic 
and because Xenopus appear to have fewer GABAergic neurons 
than other frogs.

Anesthetics known to work well in frogs are MS222, eugenol, 
and benzocaine. MS222 is a water-soluble acid salt present as an 
unionized form that has successfully been used to immobilize 
and anesthetize amphibians.2,3,12,26 When dissolved in water at 
concentrations required for anesthesia (10 to 20 min), the solu-
tion has a pH of approximately 3. For this reason a buffered 
solution is prepared: 1 g MS222 in 1 l water plus 25 ml 0.5 M 
Na2HPO4 to yield a 0.1% solution. Even with pH adjustments, 

agent for anesthesia in frogs when administered as a bath im-
mersion. Other routes of administration should be evaluated 
because propofol appears to provide adequate anesthesia after 
intraceolomic administration.22 Because bath immersion with 
propofol led to light anesthesia at 88 mg/l and death at 175 
mg/l (22 and 44 mg per 250 ml, respectively), the safety margin 
for efficacy is narrow, and this drug–route combination is not a 
good candidate for surgical anesthesia.

Propofol is a general anesthetic that enhances the function 
of γ-aminobutyric acid (GABA) receptors.7,16 Binding to this 
receptor causes inhibitory activity of the central nervous sys-
tem leading to immobility and unconsciouness.15,24 Although 
GABA is a leading inhibitory neurotransmitter in vertebrates, 
differences may be seen across species. For example, markedly 
more GABA immunoreactive cells are present in the brains of 
bullfrogs than in those of Xenopus.8 This difference suggests 
different levels of anesthesia in amphibians for a given admin-
istered concentration.

Clove oil has been used to anesthetize Rana pipiens frogs;5,11 
bath immersion at 315 mg/l achieves anesthesia in most ani-

Figure 1. Lowest acid acetic concentration (AA, %) inducing the wip-
ing response in Xenopus laevis frogs (n = 6) after immersion in a propo-
fol solution (88 mg/l). Baseline values 15 min before propofol bath im-
mersion are shown as well as responses for 0 to 120 min after 15-min 
immersion in the propofol solution.

Figure 2. Percentage of Xenopus laevis frogs (n = 6) with a righting re-
flex (gray bars) and withdrawal reflex (black bars) after immersion in 
a propofol solution (88 mg/l). Baseline values 15 min before propofol 
bath immersion are shown as well as responses for 0 to 120 min after 
15-min immersion in the propofol solution.

Figure 3. Mean (± SD) heart rate 15 min before and after immersion of 
Xenopus laevis frogs (n = 6) in a propofol solution (88 mg/l).

Figure 4. Mean (± SD) respiratory frequency 15 min before and after 
immersion of Xenopus laevis frogs (n = 6) in a propofol solution (88 
mg/l).
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erythema of light skin areas, such as the ventrum, may still 
occur during MS222 anesthetic induction. Although MS222 is 
often the first choice for anesthetizing frogs and fish, it is toxic 
to handlers and should be used with care.6

A solution of 0.02% to 0.03% of benzocaine (1% alcohol) can be 
used to achieve surgical anesthesia in amphibians.21,26 Recovery 
typically occurs within 60 min. Another method is to apply 20% 
benzocaine cream (0.1 ml/10 g; e.g., Orajel, Del Laboratories, 
Uniondale, NY) topically,5 which safely immobilized frogs and 
anesthetized 50% of the animals for approximately 15 min.

Other anesthetics have been used in frogs with variable suc-
cess. Isoflurane topically (bubbling in water or skin application) 
or administered by injection has been used,18 but injections did 
not induce sedation and caused death of some animals. Topi-
cal application of isoflurane induced brief (10 to 30 min) in a 
small percentage of animals. Barbiturates should be used with 
caution in amphibians due to the low safety margins of these 
drugs.26 Intramuscular injections of ketamine or tiletamine 
with zolazepam failed to induce anesthesia at low doses and 
produced unacceptable mortality rates at high doses.13

Propofol bath immersion of Xenopus leavis frogs does not 
appear to be a safe and effective anesthetic approach in light of 
its narrow dose–effect window as well as the brief and shallow 
anesthesia obtained.
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Figure 5. Semilogarithmic representation of the mean (± SD) propofol 
blood concentration at selected time points. Xenopus laevis frogs (n = 
3/time point) were immersed in a propofol solution (88 mg/l).


