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Abstract:

Tricaine (MS-222) is used commonly for sedation, immobilization, and anesthesia of poikilothermic animals. The anesthetic

efficacy of different concentrations of MS-222 was compared to benzocaine and pentobarbital on the physiological changes, heart

rate and ECG (electrocardiogram) parameters in the leopard frog, Rana pipiens. Loss of righting reflex (RR), loss of pain response

(NR = nociceptor response) and recovery time were measured. Heart rate and ECG parameters were also tested before and during

anesthesia. The time to loss of RR and NR decreased while recovery time markedly increased with the increasing concentration of

MS-222. Benzocaine at 200 mg/l induced a rapid anesthesia, but all frogs needed resuscitation. Pentobarbital at 300 mg/l induced

a slow anesthesia, however, all of the frogs also needed resuscitation. All anesthetics at the mentioned concentrations decreased heart

rate significantly as well as altered the ECG parameters. All anesthetics prolonged the Q–T interval, and MS-222 at 800 mg/l and

benzocaine at 200 mg/l were the most effective anesthetic concentrations in increasing the Q–T interval. Frogs anesthetized by

benzocaine and pentobarbital and high concentrations of MS-222 required resuscitation due to hypoxia. Pentobarbital and

benzocaine seem to be very effective compounds, but their safety margins are narrow because of ventilatory failure. Therefore,

MS-222 at a concentration of 200 mg/l or less is highly recommended for leopard frogs because prolonged recovery, high mortality

rate and significant ECG changes are observed with higher concentrations of MS-222.
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Introduction

Anesthesia is used to produce immobilization, skele-

tal muscle relaxation and relief from pain. An ideal

anesthetic drug should induce anesthesia smoothly

and rapidly and allow rapid recovery as soon as ad-

ministration is ceased. The drug also should have

a wide margin of safety and be devoid of adverse ef-

fects. Tricaine methanesulfonate (MS-222, tricaine),

a water soluble local anesthetic, is used commonly for

sedation, immobilization, and anesthesia of poikilo-

thermic animals [11, 13, 15] and has been accepted as

a common anesthetic for use in the cold-blooded ani-

mals. MS-222 was developed by Merck as a sulfo-

nated analogue of benzocaine with high solubility in
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water. It is more than 250 times as soluble in water as

benzocaine [9].

Anesthetics target specific binding sites on Na+

channels [2] and other ligand-gated ion channels [4].

Local anesthetics enter the nerve cell membrane and,

in the ionic form, physically block the sodium chan-

nel and inhibit nerve conduction. The main advantage

of MS-222 as an anesthetic is its short duration of ac-

tion and rapid metabolism [9]. There are many reports

describing the use of MS-222 for anesthetizing poi-

kilothermic animals because it is a safe agent for im-

mersion anesthesia even though the other anesthetics

such as ether, ethanol, thiopental, halothane, iso-

flurane, barbiturates also could be used.

Amphibians could be anesthetized easily by im-

mersion methods with MS-222, because amphibian

skin is extremely permeable and water is absorbed

across the skin rather than ingested [11]. Solutions of

MS-222 are acidic, due to methanesulfonic acid for-

mation, and under these conditions, it will be mostly

ionized in the non-absorbable acidic form. The low

pH of these solutions may cause stress in animals. In

unbuffered solutions, the time required for induction

of anesthesia is increased and duration of anesthesia is

decreased [6]. However, in solutions buffered with so-

dium bicarbonate, more rapid onset of anesthesia oc-

curs because raising the pH causes the meta-amino

group of MS-222 to be less ionized, allowing more

rapid diffusion across lipid membranes [6].

MS-222 has been administered as an injectable

agent also. Letcher determined the effective injectable

dose for leopard frogs (Rana pipiens) and bullfrogs

(Rana catesbeiana) [10]. Leopard frogs required

100–250 mg/kg of MS-222 intracoelomically, and bull-

frogs were anesthetized with 250–400 mg/kg of MS-222

intracoelomically. Because MS-222 desensitizes sero-

sal tissues, Letcher also concluded the injection to be

relatively painless.

Benzocaine has been used in a similar manner to

MS-222. Benzocaine is similar to MS-222 as an anes-

thetic although it is less water soluble and more potent

than MS-222. Larvae can be anesthetized with 50 mg/l,

and adult frogs and salamanders require 200–300 mg/l.

Benzocaine before its administration is dissolved in

ethanol to make it more soluble in water [5, 11].

Cardiovascular and respiratory systems of both poi-

kilotherms and mammals are susceptible to the depres-

sant action of anesthetic agents. Local anesthetics

strongly change myocardial activity in mammals by re-

ducing the electrical excitability of the heart, the rate of

electrical conduction throughout the heart, and the

force of ventricular contraction [3, 17]. As an anes-

thetic, MS-222 may also cause cardiodepression, car-

diac arrest and respiratory arrest [11, 12]. Wayson et

al. compared the effects of MS-222 administered at

concentrations from 10–2 to 3 × 10–3 M between bull-

frog atria and guinea-pig atria and concluded that tri-

caine methanesulfonate had negative inotropic and

chronotropic effects [18]. In another study, 1/1000 so-

lution of MS-222 used as immersion anesthesia in-

creased the heart rate in intact toad (Bufo marinus)

[16]. MS-222 also had a significant effect on the respi-

ratory motor output producing both excitation and inhi-

bition of breathing under normal concentrations [8].

This study, therefore, was aimed at determining the

dose at which peripheral effects on the cardiovascular

system occur and what the nature of these peripheral

effects is. Accordingly, the anesthetic efficacy of dif-

ferent concentrations of MS-222 was compared to

benzocaine and pentobarbital on the physiological

changes, heart rate and ECG parameters in the leop-

ard frog, Rana pipiens.

Materials and Methods

Animals

All experiments were carried out on frogs of the spe-

cies Rana pipiens (leopard frogs) with a body mass

ranging from 40 to 60 g, and frogs were adapted to

22°C before experiments. Rana pipiens of both sexes

were purchased from a commercial source (Charles

Sullivan, Nashville, TN). The institutional animal

care committee of Ohio State University approved the

experimental protocol. Loss of righting reflex (RR)

and pain perception (NR), ECG parameters and heart

rate were tested in response to MS-222, benzocaine

and pentobarbital. Experiments were performed in late

summer and autumn. Frogs were held in two eighty-liter

glass aquaria in groups of 12 and were fed live crickets

every other day. Care was taken with the animals to avoid

exposure to compounds known to influence drug-

metabolizing enzyme activity, such as chlorinated tap wa-

ter [18]. The water in the aquaria was changed every

other day. Animals were randomly grouped and each test

was performed with 6 frogs per drug concentration.
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Drugs and anesthetic solutions

MS-222 (Finquel-Argent Labs), benzocaine and pen-

tobarbital (Sigma, USA) were obtained from commer-

cial sources. MS-222 solution was prepared in the four

different concentrations (100, 200, 400 and 800 mg/l) for

each test group and buffered with 1 M NaHCO3 to pH

7.0 [5]. Benzocaine was dissolved in ethyl alcohol (fi-

nal concentration 0.1%), and the pH of benzocaine

and pentobarbital solutions also were adjusted to 7.0

by buffering them with 1 M NaHCO3 and 1 M HCl,

respectively. Two liters of buffered MS-222, benzo-

caine and pentobarbital solutions were prepared and

divided into six 2-liter beakers, each containing 300 ml

of drug solution.

The ECG, heart rate and loss of RR and NR

A cover like rubber mesh was prepared containing

4 holes for the frog’s limbs. In order to minimize

movement, frogs were partially suspended in the rub-

ber mesh jacket with their limbs just touching the sup-

porting surface. The ECG was recorded prior to and

after exposure to each drug concentration. The three

standard limb leads I, II, III, were recorded from these

connections on the electrocardiograph (Cardiofax, Ni-

hon Koden). After the control ECG was recorded,

frog was put in a beaker containing anesthetizing

drugs. A glass support was placed at the bottom of the

beaker to allow the frog to stay on it, and frogs did not

submerge because the head and nostrils of the frog

were out of anesthetizing solution. Frogs were tested

for the loss of RR at every 10 min. For testing RR, the

frogs were removed from the beaker, placed on their

dorsum on a wet paper towel on a flat surface and ob-

served to see if they righted themselves within 1 min.

The time at the loss of was recorded for each frog. For

testing nociceptor response (NR), a gentle pinch was

applied to the frog’s foot and the loss of withdrawal

response was considered as loss of NR [7]. The frogs

were placed back in the beakers, and allowed to stay

there for a total of 4 h. ECG recording was made at

the end of anesthesia. The following ECG parameters

were measured: P–R interval – the time from atrial ac-

tivation to the ventricular activation, QRS complex –

the time required for impulse conduction along the

ventricles, Q–T Interval – the duration of ventricular

activation through ventricular repolarization.

ECG patterns were analyzed by measuring the du-

ration of the QRS complex, and the P–R and Q–T in-

tervals. Alterations in the pattern, such as premature

beats and prolonged ECG intervals, were also noted.

Control ECG intervals were estimated as the average

of values measured from each frog on the last trace

made before exposure to an anesthetic. Heart rates

were determined by counting the number of QRS

spikes in 10 s and expressed as beats per min. Heart

rates were measured and recorded before and after the

loss of RR. Next heart rate measurements were made

at the end of each hour of drug exposure for a total of

4 h to monitor the changes in the heart rate in re-

sponse to drugs. After the last ECG (4 h) was re-

corded, frogs were removed from beakers and put on

wet paper towels in order to determine the recovery

from anesthesia. The fresh water was added every

20 min to keep them moist. The time for recovery was

recorded and frogs were returned to aquarium.

Statistical analysis

GraphPad Prism software was used for the statisti-

cal analysis. Two-way ANOVA (analysis of variance)

with Tukey post test was used, and differences were

considered significant if p < 0.05.

Results

RR, NR, recovery time

Frogs were exposed to MS-222 at concentrations

ranging from 100 to 800 mg/l, benzocaine at a con-

centration of 200 mg/l and pentobarbital at a concen-

tration of 300 mg/l for 4 h. Frogs demonstrated ob-

servable effects from loss of RR to unresponsiveness

to intense stimulation. Figure 1 shows the effect of

four concentrations of MS-222 on the RR, NR and re-

covery time. As can be seen in Figure 1, the recovery

time increased whereas the time to loss of RR and NR

decreased in a concentration-dependent manner.

Frogs were completely immobilized at about 50 min

of anesthesia, and all of them rapidly gained their

spontaneous respiratory activities at 50 min, when

100 mg/l of MS-222 was used (Fig. 1). At 200 mg/l of

MS-222, frogs lost their consciousness at 30 min and

recovered from anesthesia at 130 min (p < 0.05). At

400 mg/l of MS-222, anesthesia was very fast, but re-

covery time markedly increased up to 230 min (p <
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0.01). All frogs receiving 800 mg/l of MS-222 were

deeply and rapidly anesthetized and became apneic

because the time required to loss of RR and NR was

very short (p < 0.01) compared to other three concen-

trations of MS-222, and all frogs required resuscita-

tion (Fig. 1). This data suggest that 200 mg/l of MS-222

concentration is necessary for a safe and short anesthesia

because the strength of anesthesia and recovery from

the anesthesia significantly increases when high con-

centrations of MS-222 are used.

Only one benzocaine concentration, 200 mg/l, was

used to anesthetize the animals. As can be seen in Fig-

ure 2, frogs lost their RR at 15 min whereas they did

not lose the feeling of pain until 23rd min of anesthe-

sia (p < 0.05). Respiration decreased after 2 h and

stopped, and all of the frogs were resuscitated (Fig. 2).

With the exception of the recovery time, benzocaine

induced an anesthesia similar to anesthesia caused by

400 mg/l of MS-222 (Fig. 1). This data indicate that

benzocaine at this concentration is an effective com-

pound to induce a short-term anesthesia because frogs

may need to be revived if they are exposed to benzo-

caine for longer periods.

Pentobarbital at the concentration of 300 mg/l in-

duced an anesthesia similar to 200 mg/l of MS222

(Fig. 2). Frogs lost their RR at 40th min of anesthesia

and did not give any response to stimulation by 43rd

min of anesthesia. However, all of the frogs used were

removed from the beaker and resuscitated, because

they developed a ventilatory failure. Again, with the

exception of recovery time, pentobarbital also in-

duced an anesthesia almost similar to one induced by

200 mg/l of MS-222 (Fig. 1). This data suggest that

safety margin of pentobarbital at this concentration is

narrow, and care must be taken when using this com-

pound for the induction of anesthesia due to respira-

tory problems.

The effects of 200 mg/l of MS-222, 300 mg/l of

pentobarbital and 200 mg/l of benzocaine on the RR,

NR and recovery time were indicated in Figure 3.
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Benzocaine significantly induced a faster anesthesia

than both MS-222 and pentobarbital because frogs

lost their RR and NR at 15 and 23rd min of anesthesia

(p < 0.05). However, all of the frogs anesthetized by

both benzocaine and pentobarbital needed resuscita-

tion due to significant reductions in respiration at the

2nd h of anesthesia (Fig. 3). Consequently, this data

clearly indicate that 200 mg/l of MS-222 is an effec-

tive anesthetic because at this concentration of MS-

222, not only all of the frogs were immobilized easily

but also they recovered without any ventilatory failure.

Heart rates

Table 1 displays the changes in the heart rate for each

drug concentration. There was no significant change

in the heart rates when animals lost their RR. In every

treatment group, the mean heart rate was the lowest at

the fourth hour of anesthesia. Heart rates decreased

significantly (p < 0.05) in a dose dependent manner at

200, 400 and 800 mg/l of MS-222 (Tab. 1). High con-

centrations of MS-222 markedly decreased the heart

rate during 4 h of the immobilization, and the lowest

heart rate was recorded at the end of fourth hour of

anesthesia caused by 800 mg/l of MS-222 (p < 0.01).

Benzocaine and pentobarbital also markedly de-

creased the mean heart rates during 4 h of anesthesia
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from 76 2.9 to 24 3.6 beats/min and 75 2.3 to 30 4.2

beats/min, respectively (p < 0.01). When the duration

of anesthesia was increased, the heart rates were de-

creased proportionally (Tab. 1). For the short-term

immobilizations, the anesthetics did not cause impor-

tant changes in the heart rates. These findings indicate

that high concentrations of MS-222 may remarkably

reduce heart rates causing possible respiratory prob-

lems for longer periods of anesthesia, and that both

benzocaine and pentobarbital concentrations reduce

heart rate as well.

ECG intervals

All anesthetics significantly changed the ECG pa-

rameters. At the fourth hour of anesthesia, MS-222

markedly increased P–R interval and QRS complex

only at the concentration of 800 mg/l (p < 0.05) and

Q–T interval at 200, 400 and 800 mg/l concentrations

(p < 0.01) (Fig. 4). The lowest concentration of

MS-222 did not significantly change the ECG pa-

rameters. Benzocaine and pentobarbital also signifi-

cantly increased mean P–R interval, QRS complex

and Q–T interval (p < 0.05) (Fig. 5). MS-222 at 800 mg/l

and benzocaine at 200 mg/l were the most effective

anesthetic concentrations in increasing the Q–T inter-

val (Fig. 5). Compared to MS-222 at 200 mg/l, benzo-

caine caused significant increases in all ECG parame-

ters whereas pentobarbital markedly increased only

P–R interval and QRS complex (p < 0.05). The most

crucial increase among the ECG parameters in re-

sponse to all anesthetics used in this study was ob-

served in the Q–T interval because it almost doubled

at the mentioned concentrations of anesthetics. This

data, therefore, clearly indicate that MS-222 at 200 mg/l

causes an effective anesthesia because at this concen-

tration of MS-222, all ECG parameters were not criti-

cally increased and all of the frogs recovered safely

from anesthesia.

Discussion

MS-222 has a mechanism of action similar to other

local anesthetics, which works through stabilization

of cellular membranes, by inhibiting transient in-

creases in sodium ion permeability, thereby decreas-

ing excitability and blocking impulse conduction in

excitable tissues. Increasing systemic levels of local

anesthetics first block small unmyelinated fibers caus-

ing loss of sensation, then larger fibers with loss of

motor function followed by CNS depression, and sup-

pression of myocardial excitability [4, 11].

MS-222 exerts a particular pharmacological action

on poikilotherms. When a frog is placed into a solu-

tion of MS-222, at a concentration that will generate

anesthesia, the drug concentration in its plasma in-

creases until a plateau is reached, resulting in a steady

state between plasma and anesthetizing solution [18].

As soon as a steady state is maintained, there is no net

transfer of drug between solution and plasma water

because both of these aqueous phases contain equal

concentrations of freely diffusible drug [7].

In this study, 200 mg/l of MS-222 generated light

surgical anesthesia with loss of RR and absent or

much decreased responses to pain after about 40 min

of exposure. The higher concentrations of MS-222 in-

duced a more rapid onset of anesthesia and prolonged

the time required to recover. Even though the time re-

quired for loss of RR and pain perception largely de-

clined to 8 and 10 min, respectively, when frogs were

exposed to 400 mg/l of MS-222, the recovery time in-

creased up to 225 min. In our protocol, the frogs re-

mained in contact with the anesthetizing solutions for

4 h. In routine use, this exposure time would likely be

much shorter. Had the frogs been removed shortly af-

ter loss of RR, recovery from even the 800 mg/l of

MS-222 may have been expected. It appears that con-

centrations of MS-222 greater than 200 mg/l should

be avoided for deep anesthesia because of high mor-

tality rates at high exposure levels. If short induction

times are necessary requiring high anesthetic concen-

trations, then exposure times must also remain short.

The maximum safe concentration in buffered solu-

tions of MS-222 in our study was 200 mg/l.

Due to the significance of cutaneous ventilation in

poikilotherms, the loss of spontaneous respiration in

anesthetized amphibians does not correspond to the

similar situation in mammals [5, 11]. In this study,

loss of respiration was likely associated with deep

surgical anesthesia [8], because pulmonary respiration

was greatly reduced or absent during the anesthesia.

For instance, at 400 and 800 mg/l of MS-222, respira-

tion slowed rapidly and ceased after the third hour of

anesthesia and all frogs receiving 800 mg/l of MS-222

required resuscitation. Frogs receiving 100 and 200 mg/l

of MS-222 did not cease to respire and recovered. It

appears that the respiratory arrest is not an acute lethal
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event at the low MS-222 concentrations because ex-

tensive gas exchange occurs through the skin. How-

ever, the high MS-222 concentrations must have re-

duced the skin respiration, possibly through reduced

perfusion at low heart rates. This, along with reduced

pulmonary exchange probably caused severe hypoxia

[15] because in our study all frogs receiving high con-

centrations of MS-222 were resuscitated.

Benzocaine is less water soluble and more potent

than MS-222 although it seems to be qualitatively

similar to MS-222 [6]. Benzocaine, at the concentra-

tion of 200 mg/l, induced a rapid onset of immobiliza-

tion similar to one induced by 400 mg/l of MS-222,

because all the frogs lost their RR and NR at the first

15 and 20 min of exposure, respectively. However,

frogs did not seem to recover from the anesthesia and

all of them were resuscitated. The reason of the fast

induction of anesthesia and necessity of resuscitation

should be attributed to benzocaine’s high lipid solu-

bility that enhances the passing of drugs through the

lipid bilayer, including the CNS.

Pentobarbital caused anesthesia similar to 400 mg/l

of MS-222. However, all frogs exposed to pentobarbi-

tal also required resuscitation. Pentobarbital is ab-

sorbed very well from the skin, because it is a weak

acid as well as a highly lipid soluble. Furthermore,

pentobarbital redistributes to the other body tissues,

including skeletal muscle and adipose tissue [5].

These sites slowly release the drug from the body and

may account for the toxic effect of pentobarbital that

prolongs induction time and recovery.

Although the primary pharmacological action of

local anesthetics is the inhibition of the excitation-

conduction process in peripheral nerves, any excitable

membrane such as those that exist in the heart will be

affected if local anesthetics achieve a sufficient tissue

concentration [17]. Local anesthetics exert a general-

ized action on excitable tissues by antagonizing the

membrane’s ability to propagate action potentials be-

cause almost all local anesthetics strongly alter the

cardiac muscle performance by reducing the electrical

excitability of the heart [17]. Local anesthetics bind to

the fast type Na+ channels and prevent them from

opening, decrease membrane depolarization and

action potential formation in the cardiovascular and

nervous system [4]. Progressive increases in the con-

centration of local anesthetics result in the interrup-

tion of transmission of autonomic, sensory and motor

neural impulses and, hence, produce autonomic nerv-

ous system blockade, sensory anesthesia and skeletal

muscle paralysis [3].

MS-222’s direct action on the amphibian heart is

depressant although unbuffered MS-222 solutions

may cause tachycardia [7]. In this study, MS-222 sup-

pressed the heart rate by inducing bradycardia. The

lowest MS-222 concentration, 100 mg/l, did not sig-

nificantly reduce the heart rate. The statistically sig-

nificant changes in the heart rate have been observed

at 200 mg/l of MS-222 at the second hour of anesthe-

sia (p < 0.05). High MS-222 concentrations, 400 and

800 mg/l, strongly depressed the heart rate and respi-

ration at the first hour of anesthesia. Likewise, benzo-

caine and pentobarbital suppressed the heart rate at

the first hour of anesthesia and heart rate was signifi-

cantly reduced at the fourth hour of anesthesia. This

indicates that the cardiovascular system is particularly

sensitive to pharmacological effects of anesthetics

used in this study due to its rich autonomic innerva-

tions and the unique properties of myocardial cells. In

our study, negative chronotropic effects of different

concentrations of anesthetics on the heart rate may be

attributed to direct actions of those anesthetics on the

cardiac membrane by either decreasing the maximum

rate of depolarization in the ventricle muscle or reduc-

ing the availability of some of the channels such as

Na+ and Ca++, because the primary effect of anesthet-

ics on the heart is to block the ability of the myocar-

dial cells to conduct the impulses [7, 14].

Normal sequence of events in myocardial stimula-

tion may be altered by anesthetics [17]. In this study,

all anesthetics depressed the heart and markedly

changed the ECG parameters such as P–R interval,

QRS complex and Q–T interval by prolonging their

time. In our ECG records, benzocaine, pentobarbital

and only the highest concentration of MS-222 signifi-

cantly prolonged the QRS complex, indicating a re-

duced ventricular conduction velocity. This is a typi-

cal response to the drugs with sodium channel block-

ing properties [3]. High MS-222 concentrations,

benzocaine and pentobarbital also caused significant

Q–T prolongation. In the ECG record, the T wave rep-

resents the combined electrical vectors of the entire

terminal repolarization phase, and Q–T interval corre-

sponds to the time taken for all the ventricular cells to

be repolarized after being stimulated. The prolonged

Q–T intervals in frogs exposed to high concentrations

of anesthetics could have resulted from a decline in

the heart rate attributed to the hypoxia, because the

T-wave and Q–T interval are important parameters of
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ECG for determining myocardial hypoxia caused by

anesthetics [12, 17].

From this point of view, our study suggests that the

altered heart rate and ECG parameters that result from

exposure to MS-222, benzocaine and pentobarbital

may probably be attributed to the following two fac-

tors: a) direct effects of anesthetics on the cardiovas-

cular and respiratory systems by modulating cardiac

membrane channels, and b) indirect effects mediated

by the release of neurotransmitters [12, 14]. It seems

that the excessive concentrations of anesthetics de-

press breathing, decrease ventilation and result in hy-

poxia, which will change cardiac functions unless it is

corrected [1, 12] because severe hypoxia caused by

ineffective pulmonary ventilation, inadequate supply

of oxygen and impaired organ perfusion produces

a deep depression of myocardial contractility. In addi-

tion, increased blood carbon dioxide that is going to

increase the cardiac depression produced by hypoxia

suppresses the myocardial contraction. The present

study shows that MS-222 at 200 mg/l is very well toler-

ated by frogs because the Q–T interval, a marker of

myocardial hypoxia, was not critically increased and

all of the frogs recovered safely from anesthesia.

In conclusion, the present study shows that MS-222,

benzocaine and pentobarbital have direct effects on

the physiological state and electrical properties of

frog heart by inducing an anesthesia in a dose-

dependent manner. Respiratory depression and

changes in the ECG parameters occur when high con-

centration of MS-222 is used. Furthermore, although

both pentobarbital and benzocaine at mentioned con-

centrations seem to be very effective compounds to

induce significant increases in the ECG parameters,

their safety margins are very narrow because of venti-

latory failure. Therefore, it is highly recommended

that low MS-222 concentrations (around 200 mg/l)

should be used to immobilize leopard frogs because

prolonged recovery of spontaneous respiratory activ-

ity, high mortality rate and significant ECG changes

might be observed with higher concentrations of MS-222.
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