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Minimal anesthetic requirements for cyclopro-
pane, nitrous oxide, thiopental, cther, halothane,
and methoxyflurane in the toad were studied. Re-
quirements in the toad at room temperature were
similar to those in the dog and in man at body
temperature. The cffect of temperature on halo-
thane requirements in the toad was comparable to
the effects of temperature in the goldfish and the
dog. When halothane and methoxyflurane were
carried in 100 per cent oxygen anesthetic require-
ments were higher than with 20 per cent oxygen.
It made no difference whether nitrogen or helium
was the third gas. Reserpinization of the toads
abolished this effect of oxygen on anesthetic re-
quirements, decreased anesthetic requirements, and
reduced catecholami rations in myocar-
dium and brain. (Key words: Toad; Anesthetic
requirements; General anesthetics; Oxygen.)

Tue £FFECTS of anesthetics on sodium fluxes in
the toad bladder? should be examined in the
light of anesthetic requirements in the toad.
In pilot studies it was noticed that with some
anesthetic vapors less anesthetic was required
when the vapor was carried in air rather than
in oxygen. Accordingly, we designed a study
to answer the following questions: a) What are
the minimal anesthetic requirements in a cold-
blooded animal like the amphibian at room
temperature? b) Do temperature changes af-
fect halothane anesthetic requirements in am-
phibians as they do in dogs® and goldfish?
¢) Does the presence of higher nitrogen con-
centrations in the inhaled mixture decrease an-
esthetic requirements when compared wth mix-
tures of anesthetic and oxygen alone? Since
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nitrogen and helium were indistinguishable in
their effects on minimal anesthetic require-
ments, we tested the hypothesis that oxygen
stimulates the central nervous system and in-
creases anesthetic requirements. This seemed
plausible because Miller ¢t al. have shown that
reserpine decreases and catecholamines in-
crease anesthetic requirements,* and because
in vivo oxygen can cause vasoconstriction via
sympathetic innervation.®

Methods

The toad, Bufo marinus, was used for the
study. The toads were numbered and kept in
the laboratory for months. Only healthy, ac-
climatized animals were used.

For the determination of anesthetic require-
ments for cyclopropane, nitrous oxide, ether,
methoxyflurane, and halothane, we used mini-
mum alveolar concentrations (MAC) as de-
scribed by Eger et @l.® The approximate
MAC’s were determined in pilot experiments.
The trachea of each toad was intubated and its
lungs ventilated with a volume larger and a
rate slower than normal for toads. Mild hypo-
carbia was found not to affect MAC in the
dog,” and we ascertained that moderate hyper-
ventilation to a pH of about 7.6 had no effect
upon MAC in five toads. This level of hy-
perventilation was used throughout the study.
Most experiments were carried out at room
temperature (20 to 22 C). Five determina-
tions of MAC were done at 10 C and five at
30 C. At 10 and 20 C the rectal temperature
of the toad was the same as the temperature
in the environment. At 30 C the temperature
of the toad rarely exceeded 27 C despite pro-
longed exposure. For determination of the an-
esthesia level a clamp was applied to a lower
extremity for a few seconds. The force was
slightly less than that necessary to produce
visible injury to the skin but great enough so
that additional pressure or stimulation did not
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TapLe 1. MAC Values for Five General Anesthetic Agents Carried in Oxygen in the Toad*

— Responses

-4 Rexponses,

Number of Toads

- onses, MAC
End-cxpiratory (Vol I’er Cent)

Vol Per Cent

Inspi ¥
Vol Per Cent

Lud-expi y
Yol Per Cent

Cyclopropane B 9.74 = 0.82
Nitrous oxide 3 854 =082
Ether B} 2.19 == 0.10
Halothane 6

Methoxyflurane 5

9.54 == 0.92 8.52 = 0.33 9.0 =0.21

8§26 =02 S1.8 =0.1 8 0.1
1.76 = 0.12 1.51 == 0.05 1.64 2= 0.04
0.70 = 0.01 0.64 =+ 0.01 0.67 % 0.01
0.23 % 0.01 0.21 £ 0.01 0.22 4 0.01

* The concentrations associated with no response and with responses to a standard stimulus are shown

increase anesthetic requirements further. In-
spired and end-expiratory anesthetic concentra-
tions were determined by gas chromatography
in an “F and M” flame jonization unit. The
end-expiratory sample was collected through =
catheter in the trachea with the aid of a slight
circular pressure on the chest at the end of
expiration. The toad was equilibrated with a
gas or vapor tension well above the MAC
value determined in pilot experiments. Small
differences (table 1) between inspiratory and
expiratory tensions were accepted, if constant.®
Anesthesia was lightened and new equilibria
attained in steps of about 1/10 of MAC. At
each level the toad was tested for reaction to
the standard stimulus. This was repeated
until 2 muscle reaction was seen. Anesthesia
was then deepened to the previous level, light-
ened and deepened again. When deepening
and lightening of anesthesia in this way was
associated with appropriate absence or pres-
ence of the reaction, and when the end-expira-
tory gas or vapor tension at each of the two
levels was within =5 per cent of the previous
determination, MAC for that toad was defined
as the mean value of the highest end-expira-
tory concentration associated with the reaction

TasLe 2. Blood Thiopental Concentrations in the
Toad at the Times of No Reaction to a Standard
Stimulus during Induction (Five Toads)
and Beginning Reaction during
Emergence (Five Toads)

and the lowest concentration associated with
no reaction. At least five toads were used for
the assessment of MAC with each agent. Re-
sults were listed as mean =1 standard error.
Minimal anesthetic requirement for thio-
pental sodium was related to the blood con-
centration of thiopental at the time of no re-
action. The smallest intraperitoneal dose that
would prevent reaction for five minutes was
assessed as the mean (mg/kg) in ten toads
from a dose-response curve. Doses of 10, 15,
20, or 25 mg/kg were injected three times
each into toads randomly selected from the
group. The times of no reaction were re-
corded, the dose-response curve drawn, and
the dose associated with no reaction for five
minutes (17.5 mg/kg) was determined from
the curve. This dose was later injected into
the same ten toads. Five toads were sacrificed
as soon as the reaction disappeared during in-
duction and five when the reaction reappeared
during emergence. Immediately the toads
were exsanguinated and the blood was cooled
at 3 C and stored. Later the thiopental con-
centrations in the samples were determined
according to the method of Brodie et al.® and
minimal anesthetic requirements were ex-

TapLe 3. Approximate Minimum Anesthetic Re-
quirements for Halothane (vol per cent in the
Gas Phase) of the Goldfish,3 Dog,* and Toad
at Different Temperatures

Desrees Centigrade

Blood Concentration
(myz/100 ml) 10-12 20-22 27-29 3387
Induction 3.96 < 0.44 Goldfish 0.25 0.54 1.1 —
Emergence 1.69 = 0.10 Toad 0.27 0.67 1.0 —
Mean 2.83 £ 045 Dog —_ — 0.5 0.9
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TanLe 4. MAC Values in the Toad for Three General Anesthetic Agents Carried
in 20 Per Cent Oxygen*
— Reaponses
C - Respanses, MAC
Number of Toads ators ot ermimators Epdexpismtos | (val Ter Ceat
Vol Per Cent Vol Per Cent
In 80 percent
nitrogen
Ether 3 2.17 £ 0.01 1.81 £ 0.01 1.49 = 0.05 1.64 %= 0.03
Halothane 6 0.59 = 0.03 0.55 £ 0.02 0.48 %= 0.02 0.51 = 0.02
Methoxy-
flurane b 0.28 £ 0.0¢4 0.17 £+ 0.01 0.16 == 0.01 0.16 = 0.01
In 80 percent
helium
Ilalothane 6 0.56 % 0.01 0.55 £ 0.01 0.50 = 0.01 0.52 % 0.01

* The concentrations associated with no response and with responses to a standard stimulus are shown.

pressed as the mean (mg/100 ml) of the ten
samples =1 standard error.

Forty-five toads were treated with crystal-
line reserpine (0.3, 1, or 6 mg/kg) dissolved in
water and injected intraperitoneally. Twenty-
four hours later, 15 of these toads and five un-
treated controls were sacrificed and the con-
centrations of epinephrine and norepineph-
rine in the cercbrum and the myocardium
were determined according to the method of
Anton and Sayre.l* The rest of the reserpin-
ized toads were used for the assessment of
MAC for halothane.

Student’s ¢ tests were applied to the differ-
ences between groups to assess levels of sig-
nificance.

Results

On the average it took ten minutes (cyclo-
propane, nitrous oxide) to 40 minutes (me-
thoxyflurane) to achieve equilibrium between
inhaled and exhaled concentrations of the an-
esthetic.

MAC values for the five gases and vapors in
oxygen are shown in table 1. In addition, the
highest end-expiratory concentrations associ-
ated with responses to the stimulus and the
lowest end-expiratory and inspiratory concen-
trations with no responses are listed. The lat-
ter two indicate the difference between in-
spired and expired concentrations at equi-
librium.

Table 2 shows minimal blood concentrations
of thiopental needed for anesthesia. The dif-

ferences between blood concentrations at com-
parable anesthetic levels during induction and
emergence are included.

The effects of temperature changes on halo-
thane requirements in the toad are shown in
table 3. For comparison, the temperature ef-
fects in the dog? and the goldfish? are in-
cluded.

For two of the anesthetics tested, halothane
and methoxyflurane, MAC values in air were
less than MAC values in oxygen (P <0.01,
table 4). With ether there was no difference
between MAC in oxygen and MAC in air.
MAC for halothane carried in a mixture of
oxygen, 20 per cent, and He, 80 per cent, was
the same as MAC for halothane in air (table 4).

Table 5 shows that increasing doses of reser-
pine reduced MAC for halothane in oxygen or
air. Simultaneously the difference between
MAC in oxygen and MAC in air gradually dis-
appeared. After reserpine, 6 mg/kg, there was

TasLe 5. Halothane MAC Values in Oxygen
and Air in Reserpinized Toads (Five

Toads in Each Group)
. MAC (Vol Per Cent) in
(mz/kg)

Osygen Air
0.0 0.67 = 0.01 0.51 = 0.02
0.3 0.63 & 0.01 0.50 £ 0.01
1.0 0.52 £ 0.02 0.46 & 0.01
6.0 0.40 £ 0.01 0.40 = 0.01
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TapLe 6. Concentrations of Epinephrine and Nor-
epinephrine (Average Ratio = 10:1) in Reser-
pinized Toad Brain and Heart (Five Toads
in Each Group; Means = SE)

. Catecholamines {#8/x)
(wa/br)
Brain Heart
0.0 0.35 = 0.08
0.3 0.61 = 0.11
1.0 0.57 == 0.13
6.0 043 = 0.05*

* Concentration significantly different from the
concentration in untreated control, P < 0.02.

no difference between the two values. The de-
gree of reserpinization was reflected by the
catecholamine concentrations in brain and
heart (table 6). Tissue catecholamines were
reduced more in the heart than in the brain.
Even in the fully-reserpinized animal a unit
weight of heart contained three times more
catecholamines than the same weight of brain
in untreated animals. On the average, norepi-
nephrine concentrations were 1/10 of epineph-
rine concentrations in both organs.

Discussion

Alveolar requirements necessary to achieve
a certain level of anesthesia with the agents
tested showed interrelationships similar to
those described for the dog® and man.® Dif-
ferences in the numerical values of MAC can
be attributed to differences in temperature,
species, and technique. The effect of tem-
perature on halothane requirements in the
toad was comparable to the temperature ef-
fects seen in the goldfish® and dog®> The dif-
ferences between inspired and expired con-
centrations at equilibrum paralleled those de-
scribed by Eger et al.8

Anesthetic requirements in the goldfish 3 and
toad at 20 C appear to coincide with the re-
quirements of the dog? and man?® at body
temperature. This may indicate that anesthet-
ics are less potent in lower animals. Thio-
pental, which chemically is more active than
most anesthetic gases and vapors, also was
found to be equipotent at 20 C in the toad
and 37 C in man.?-11-12
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The thiopental concentrations we found in
blood may well have been in approximate
equilibrdum with the concentrations in the
central nervous system. We believe the meth-
odology justifies this statement, since: 1) the
total dose was so small that it produced anes-
thesia for only about five minutes; 2) the up-
take from the peritoneal cavity was so slow
that anesthesia appeared 15 minutes after the
time of injection; 3) the blood concentrations
recorded were the mean values for induction
and emergence.

Ve found it of particular interest that NAC
values for methoxyflurane and halothane were
less in air than in oxygen. Since halothane
MAC was the same in 80 per cent nitrogen as
in 80 per cent helium, we concluded that oxy-
gen made the difference. Reserpinization of
the toads abolished the effect of oxygen on
MAC, decreased MAC, and reduced the cate-
cholamine concentrations in myocardium and
brain. Other observations also suggest that
oxygen can influence the effects of anesthet-
ics. Thus, Rawstron found that oxygen in-
creased tolerance, decreased mortality, and
prolonged induction with halothane.*+ 1 The
mechanism for this oxygen effect, however, is
not clear. Oxygen affected enzymes,' sym-
pathetic activity,® and the cardiovascular sys-
tem.’* All of these are possible sites of inter-
action between oxygen and anesthetics. Reser-
pine and catecholamine depletion decreased
MAC and decreased the oxygen effect on
MAC. This supports but does not establish as
fact our thesis that oxygen exerts its antianes-
thetic effect via catecholamines and the sym-
pathetic nervous system.

Ether MAC was not affected by the oxygen
concentration. Cyclopropane requirements may
also be the same in oxygen as in air. At least,
this was the case when the effect of cyclopro-
pane, 9 per cent, and oxygen, 91 per cent, was
compared with the effect of cyclopropane, 9
per cent, oxvgen, 19 per cent, and nitrogen,
72 per cent (unpublished results). Perhaps
ether and cyclopropane themselves stimulated
the sympathetic system? and thereby over-
shadowed any excitatory effect that oxygen
may have.

The authors thank Dr. Aaron H. Anton and Dr.

Irving Sunshine for their help with the catechol-
amine and thiopental determinations.
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Drugs

DPH AND ARRHYTHMIAS DPH (diphenylhydantoin) depressed automa-
ticity, conducticn and contractility in isolated perfused atria of rabbits and dogs.
The depression resembled that seen after administration of quinidine. These find-
ings are at variance with those of others, who have found improved conduction with
DPH. The effects of DPH were markedly influenced by extracellular potassium—
high concentrations enhance the effects, while low concentrations antagonized them.
Increasing the concentrations of extracellular sodium also antagonized DPH effects.
(Katzung, B. G., and Jensen, R. A.: The Depressant Action of Diphenylhydantoin on
Electrical and Mechanical Properties of Isolated Rabbit and Dog Atria: Dependence
on Sodium and Potassium, Amer. Heart J. 80: 80 (July) 1970.) ABSTRACTER'S
coyyENT: It is fascinating to study the effects of various antiarrhythmic drugs on
maximum following frequency, transmembrane action potentials, and conduction
velocity in isolated perfused tissues—but difficult to apply this information in the
treatment of arrhythmias in patients. Various ions, pH, local hypoxia, stretch, the
automatic nervous system, and a host of other factors influence the response of the
human heart to antiarrhythmie drugs. There ane also qualitative, as well as quanti-
tative, differences in responses to low vs. high concentrations of drugs.
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