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SEVERAL YEARS AGO, Miller and co-workers!
suggested that the MAC of a given anesthetic
might vary with the activity of central norad-
renergic nerves. This postulate was based on
the observation that reserpine and alpha-
methyldopa, both agents that interfere with
the integrity of central amine-containing
nerves, lowered the minimum alveolar
concentration (MAC)? of halothane in the
dog. In addition, the monoamine oxidase
inhibitor, iproniazid, which interferes with
amine inactivation and thus increases brain
amine concentrations, produced a slight but
significant increase in the MAC for cyclo-
propane in rats. More recently this proposal
was strengthened by the work of Johnston
and co-workers, which indicated that the
MAC of halothane was higher in dogs given
amphetamine, an agent known to increase
the turnover of central norepinephrine.®
Since none of these agents acts exclusively
on catecholamine-containing neurons,*-® but
all alter serotonin-containing neurons as
well, it seemed that a more direct approach,
such as selectively destroyving those central
neurons that contain the proposed neuro-
transmitters, might give a clearer indication of
the importance of these nerves in determin-
ing the sensitivity of the animal to an
anesthetic.

Two agents that destroy amine-containing
nerves were employed. They were
6-hydroxydopamine, which produces acute
degeneration of central noradrenergic nerve
terminals,™® and 35,6-dihydroxytryptamine, an
agent producing selective degeneration of
serotonin-containing nerve terminals.®!* Both
these agents have chemical configurations
similar enough to those of the natumlly
occurring amines to ensure that they are
selectively accumulated in these neurons.
Once taken up, these neurotoxic compounds
produce chemical destruction of the nerve
terminals.
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Since inhalation anesthetics can be divided
into two general groups, those producing an
initial excitatory change in neuronal activity
and those which progressively depress elec-
trical phenomena,”-** it is possible that
amine-containing neurons are important in
altering the response to anesthesia with only
one type of anesthetic. Therefore,a represen-
tative member of each class of central depres-
sants should be explored. The purpose of
the present study was thus to determine the
relative importance of central serotonin- and
catecholamine-containing neurons in deter-
mining the sensitivities to the anesthetic
effects of both a progressively depressant
(halothane)® and an initially excitant
(cyclopropane)™*® inhalational anesthetic.
The present studies demonstrate that only
the depressant effect of halothane appears to
be dependent upon central amine-containing
neurons, and that the loss of either serotonin
or no‘repinephrine and dopamine may contrib-
ute to the increased sensitivity of rats to this
anesthetic.

Materials and Methods

Male Sprague-Dawley rats, weights 250-
500 g, were housed in a light-dark-cycled
room (light 0700-1900) and were used for
determination of anesthetic sensitivity at
least four days after arrival from the supplier
(Zivie-Miller, Alison, Pa.). It is generally
agreed that one cannot measure alveolar gas
tensions, and thus true MAC values may only
be estimated.’® Perhaps the recently de-
veloped techniques to estimate whole-brain
tensions would provide the best index of
depressant-agent activity,'™!* especially if the
drug treatments employed produced changes
in ventilation or cardiac output. Thus, it is
recognized that the technique of inflow gas
sampling employed here is not ideal; how-
ever, some changes (age)} are reflected by
similar alterations in both inspired and end-
expiratory concentrations.!®

The method of Hoffman et al.’® was
employed to measure minimum anesthetic
concentration (MAC), with slight modifica-
tions. MAC was determined for only one
control and one experimental animal each
day (randomizing the order of exposure),
since determination of MAC with either
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halothane or cyclopropane required 3-4
hours for each rat. Halothane or cyclopropane
(in air, 2 Umin) was passed through %-
inch-diameter conductive rubber tubing into
a conductive plastic bag that enclosed the
body of the animal. Each rat was initially
placed in a small plastic restraining chamber,
which was put into the bag. When the rat
ceased struggling as anesthesia deepened,
the chamber was removed to facilitate posi-
tioning the inflow over the animal’s snout,
with the rat’s tail and hind quarters left
protruding from the opposite end of the bag.
Animals were initially exposed to 15 per
cent cyclopropane or 0.75 per cent halothane,
and gas tensions were increased in steps
of about 0.7 per cent (cyclopropane) or
0.06-0.09 per cent (halothane) using cali-
brated flowmeters or a Driger vaporizer. Each
increment was maintained for 30 minutes be-
fore the tail was clamped to determine the
animal’s response, such as movement of an
extremity, tail movement, etc. Each incre-
ment in inspired anesthetic gas tension was
checked with a flame-ionization gas
chromatograph calibrated on the day of use.
All values reported are percentages of dry gas
at room temperature (22-25 C). Body tem-
perature was monitored with a Yellow Springs
thermometer and maintained at 35-36 C
using a warming blanket to eliminate the
effects of temperature on MAC.*® The aver-
age (X) of the last concentration that still
permitted movement and the concentration
that first abolished movement in response to
tail-clamping was calculated. Then anes-
thetic gas tensions were decreased and the
mean (Y) between the first tension that per-
mitted a response to reappear and that which
had previously abolished the response re-
corded. MAC for the animal was recorded as
the average of X and Y. It was assumed that the
long time intervals permitted during each
increment or decrement of anesthetic
concentration and the above computation
would minimize error due to slow equilibra-
tion of airway and brain anesthetic tensions.'
Animals were killed by cervical dislocation
immediately after the first movement noticed
with decreasing gas tensions, decapitated,
and the whole brain removed. The brain
was frozen on dry ice and stored at =80 C
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Fic. 1. Effects of 6-hydroxy-
dopamine on tyrosine hydroxylase
activity in various rat brain regions.
Animals were pretreated with
pargyline and 6-hydroxydopamine
(6-hydroxydopamine) or pargyline
alone (controls), as described in
Methods. Vertical bars represent
the means of 4-6 determi-
nations = SEM (brackets). All ex-
perimental values are significantly
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less than the corresponding control
values (P <.01).
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until an entire study (6-10 pairs of experi-
mental and control rats) was completed (1-2
weeks). Brains were weighed frozen, and
later homogenized in 10 ml ice-cold 0.1 N
HC] containing 0.5 per cent ascorbic acid.
Following removal of a 2-ml portion for
determination of serotonin,® perchloric acid,
0.6 N, was added to the remainder of the
homogenate, and the resulting supernatant
was used for determination of norepineph-
rine®= and dopamine.®

In order to measure noradrenergic and
dopaminergic neuronal destruction by
6-hydroxydopamine, a group of rats not ex-
posed to anesthesia was killed at a similar
interval after 6-hydroxydopamine adminis-
tration and dissected at 4 C into nine regions,
as previously described** Tyrosine hy-
droxylase was isolated by ammonium sulfate
precipitation and enzymatic activity was
measured by the method of Musacchio et
al.? In those regions having little tyrosine
hydroxylase per mg tissue, similar parts of
three brains were combined to permit accu-
rate determination of enzymatic content.

Rats given 6-hydroxydopamine received
200 pg in 25 ul of a saline solution containing
0.5 per cent ascorbic acid via the cisterna

HYPOTHALAMUS
CEREBELLUM
STRIATUM

SEPTAL FOREBRAIN
HIPPOCAMPUS
AMYGDALA

REST OF CORTEX

PONS

magna,®® 30 minutes after pargyline, 40 mg/kg
ip; a second dose of 6-hydroxydopamine was
given two weeks later without pargyline
pretreatment. Control animals were given
pargyline 30 minutes before intracisternal
administration of 25 ul of the ascorbic
acid vehicle. Animals that received 6-hy-
droxydopamine in this way manifested
severe hypophagia and hypodipsia after the
second injection,?” necessitating manual nu-
tritional supplementation for 7-10 days. The
animals were used for anesthetic exposure
after allowing at least three weeks after the
second injection of 6-hydroxydopamine for
complete recovery.

Animals given 5,6-dihydroxytryptamine re-
ceived 75 ug in 25 pl of saline solution
intracisternally 10-14 days before use.* The
methyl ester hydrochloride of a-methyl-
tyrosine (250 mg/kg, ip) was administered
in 1 ml/kg saline solution 30 minutes
prior to placing the rat in the anesthetic
apparatus, and the time of sacrifice was
thus 3-3% hours after administration of
this tyrosine hydroxylase inhibitor. The
methyl ester hydrochloride of p-chloro-
phenylalanine (100 mg/kg was admin-
istered intraperitoneally 48 hours, 24
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TabLE 1. Effects of Inhibitors of Central Ami ining Neurons on Haloth MAC
MAC Difference
(Control -
Number of Experimental),
Amine(s) Prinurily Affected Drug Rats Per Cent
N inephrine and dopamil a-Methyltyrosine 6 0.13* = 0.03
6-Hydroxydopamine 4 0.06 =0.03
a-Methyltyrosine
+ 6-hydroxydopamine 6 027t = 0.04
Serotonin p-Chlorophenylalanine 7 0.17* = 0.04
5,6-Dihydroxytryptamine ] 0.12* = 0.03
p-Chlorophenylalanine
+ 5,6-dihydroxytryptamine 5 0.321 = 0.05

Indicated groups were treated with intraciste:
tryptamine and/or intraperitoneal injection of a-met
Methods. Values represent the mean difference

at
* P < 0.05.
{ P <00L

hours, and 30 minutes before the start of
anesthetic exposure, as above. The
6-hydroxydopamine, 35,6-dihydroxytryp-
tamine, a-methyltyrosine methyl ester
HCl, and p-chlorophenylalanine methyl
ester HCl were purchased from Regis
Chemical Company, Chicago, Illinois.

The MAC for each experimental rat was
compared with that for the control animal run
the same day by means of a t test for paired
data.®® Brain amine concentrations were
compared with a t test for unpaired data.

Results

In confirmation of earlier findings?® in-
tracisternal administration of 6-hydroxy-
dopamine was found to decrease rat
brain tyrosine hydroxylase, an enzyme
located only within catecholamine-
containing neurons (fig. 1). This decrease
probably reflects the loss of a proportionate
number of catecholamine-containing
(norepinephrine and dopamine) neurons and
is accompanied by a comparable decrease in
brain catecholamines. The extent of neuronal
destruction varies in different brain regions,
probably as a result of variable penetration of
the drug to the neurons from the cerebrospi-
nal fluid. The protocol employed in the
present study produced more marked de-

ral injection of 6-hydroxydopamine or 5,6-dihydroxy-
hyltyrosine or p-chlorophenylalanine, as described in
~ standard error of the difference. Control groups had
heric ¢ rations (MAC) values ranging from 1.27 = 0.04 to 1.23 = 0.03 per cent.

creases in enzymatic activity of the cortex
and striatum and the least decrease in the
medulla.

DEPENDENCE OF HALOTHANE MAC
ON BRAIN AMINES

Since the initial investigation indicated a
relationship between amine depletion and
anesthetic MAC employed halothane as the
anesthetic,! this correlation was re-explored
in the rat, using 6-hydroxydopamine to lower
amine concentrations. However, central
6-hydroxydopamine administration failed to
alter the MAC of halothane significantly
(table 1). Catecholamine content was not
measured in this group of rats, but 6-
hydroxydopamine consistently reduces
whole-brain norepinephrine and dopamine
(See table 4, also references 6, 8, 27, and 30).
To determine the effect of inhibition of
transmitter synthesis of catecholamine-
containing neurons, rats were given
a-methyltyrosine, an inhibitor of tyrosine
hydroxylase.* In contrast to findings in
6-hydroxydopamine-treated rats, adminis-
tration of a-methyltyrosine significantly low-
ered MAC (table 1) and decreased brain
norepinephrine to 50 per cent of control and
dopamine to 22 per cent by the time adminis-
tration of the anesthetic was terminated (ta-
ble 2).
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TABLE 2. Effects of a-Methylthyrosine and 6-Hydroxydopamine on Brain Amines

Brain Amines
Number of Norepinephrine Dogamine Serotanin
Group Rats (n/R) (ng/g} (pe/R)
a-Methyltyrosine 6 79t =19 139* = 18 0.32 = 0.025
Control 6 157 =38 619 =39 0.36 = 0.04
6-Hydroxydopamine
+ a-methyltyrosine 6 43t = 8 96t = 10 0.62 = 0.03
Control 6 308 = 43 897 =60 0.63 = 0.03

Experimental animals were given only a-methyltyrosine methyl ester hydrochloride intra-
1 - S N

v or 6-hydroxy

peri
i ived equal

nally five weeks before the a-methyltyrosine. Control
of vehicle at the same time and by the same route, as described

r
in Methods. The difference between brain amine contents of the two control groups of animals
reflects the older age of the rats that served as controls for, the administration of both

6-hydroxydopamine and e-methyltyrosine, and the known progr

with age. Values represent means = SEM.
* P <.05.
tP<.0L

To test the possibility that residual neurons
remaining after 6-hydroxydopamine treat-
ment might compensate for the deficit in
neural function that follows loss of some
neuronal units,®® rats treated with
6-hydroxydopamine were given the tyrosine
hydroxylase inhibitor in addition. This com-
bined treatment, which depleted norepineph-
rine and dopamine much more séverely
than either drug alone (to 14 and 11 per cent
of control, respectively; table 2), further
decreased the MAC of halothane (table 1).

in brain

The effect of inhibition of serotonin
neuronal function on halothane MAC was
examined after treatment with 3,
6-dihydroxytryptamine and p-chloro-
phenylalanine. Even though serotonin
was reduced by only 38 per cent (table
3), 5,6-dihydroxytryptamine significantly de-
creased the MAC of halothane (table 1).
Inhibition of serotonin synthesis by
p-chlorophenylalanine sufficient to reduce
brain serotonin to 28 per cent of control
(table 3) also decreased the MAC of

TaBLE 3. Effects of Serotonergic Neuron Inhibition by p-Chlorophenylalanine
and 3,6-Dihydroxytryptamine on Brain Amines

Brain Amine Concentration

Number of inephri D i H

Group Rats (ng/g) (og/R) {we/R)
p-Chlorophenylalanine 8 192 = 24 387 =50 0.17¢ = 0.02
Control 8 249 = 94 352 =45 060 =0.10
5,6-Dihydroxytryptamine 5 244+ 15 397 = 54 0.341 = 0.06
Control 5 25215 469 = 43 054 =0.02

p-Chlorophenylalanine

+ 3,6-dihydroxytryptamine 5 214+ 9 357 =56 0211 = 0.04
Control 5 287 = 39 494 *= 35 0.62 =0.10

Animals received p-chlorophenylalanine, 5,6-dihydroxytryptamine, or both, as described in
PP

Methods. Rats were killed immediately after the first resp to tail was

d. Values means = SEM.

as halothane inspired concentration was being d.
} P < .01 relative to control group.
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TABLE . Brain Norep hrine and Cyclop thermore, preliminary experiments sug-

MAC in Rats given 6-Hydroxydopamine gested that no decrease in cyclopropane

oo P MAC occurred in other mts after adminis-

x(,:::i;;:‘rl‘::k e ™ tration of bo'th 6—hyflroxydopumine .:md

Group (') (perCeny a-methyltyrosine. Animals that received

= - o6 5.6-dihydroxytryptamine  intracisternally to

Control R 595 =20 190=06  j.itroy central serotonin-containing neu-
6-Hvdroxydopamine 98t = 12 187=08 s N N

rons® did not manifest any change in cyclo-

Rats were given 6-hydroxydopamine or saline  propane MAC (table 3).
solution (controls) intracisternally, as (_Iescrib.ed in Since ablation of a portion of either
Methods. All animals were .kl]lcd lmm.edr.llel_\' catecholamine- or serotonin-containing
after the first response to tail compression was s was not associated with a significant
elicited as evclopropane inspired concentration neurons wa 5 SocHl a signi L‘"f
was being d 1. All values rep means alteration in cyclopropane MAC, an addi-
=~ SEM. The mean difference in MAC {(control- tional group of rats was given reserpine to
experimental) and standard ervor of the d“re_'enc? interfere simultaneously with the functions
352211?:1:.3“:3;6 per cent, for eight pairs of ¢ 1) types of neurons™ Although reser-
P < .001. ) pine produced a decrease of norepinephrine
to 3 per cent of normal 24 hours later (table

6), cyclopropane MAC remained unaltered.

halothane significantly (table 1). When
p-chlorophenylalanine was given in rats pre-
viously treated with 5,6-dihydroxytryptamine
a more dramatic decrease in MAC was ob- N A 3
served (table 1), This combination of neural The present evidence of.:\ slight reduction
destruction and synthesis inhibition had de- in halothane MAC in rats whose
creased brain serotonin to 34 per cent by the
time the MAC of halothane was determined

Discussion

catecholaminergic neuronal function is al-
tered without alteration in brain serotonin
(table 3). None of the drug treatments that concentration conﬁm.ls the earlier fesxglts of
interfered with serotonin neuronal function Miller et al.! Their initial studies indicated
altered the content of whole-brain an increase in anesthetic susceptibility in rats
norepinephrine or dopamine. given drugs that should have altered several
central amine-containing neurons, although

they interpreted the changes in anesthetic
susceptibility solely in terms of central nerv-
ous system norepinephrine-containing
In spite of the marked reduction of brain  neurons. Although reserpine and a-meth-
catecholamine content by 6-hydroxy- yldopa, the two agents found to decrease
dopamine, no change in the MAC of cy- the MAC of halothane in dogs, do pro-
clopropane was observed (table 4). Fur- duce dramatic effects in noradrenergic

DEPENDENCE OF CYCLOPROPANE MAC
ON BRAIN AMINES

TABLE 5. Brain Amines and Cyclopropane MAC after 5,6-Dihydroxytryptamine

Brain Amines
Cedd
Norepinephrine Dopamine Serotonin T MAC
Group (/) (ng/x) (/) {Per Cent)
Control 42 =45 748 = 60 0.65 =021 19.7=02
35,6-Dihydroxytryptamine 424 = 16 723 =352 0.32% = 0.12 19.0 = 0.4

Rats received 5,6-dihvdroxytryptamine or saline solution (controls) intracisternally, as described in
Aethods. All animals were killed immediately after the first response to tail compression was elicited

as cvclopropane inspired ration was being decreased. All values represent means = SEM. The
mean diffe in MAC (control-experi 1) and dard error of the difference were 0.7 = 0.9 per
cent, for six pairs of determinations.

*P <.05.
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nerve function, they also perturb dopamine-
and serotonin-containing neurons.*3 In asses-
sing the disruption of neuronal function,
experiments involving the use of tissue con-
centrations of amine must be interpreted
with caution, since actual utilization of the
amine may be decreased, unaltered, or in-
creased. Unfortunately, however, it is not
possible to obtain an estimate of transmitter
release or turnover of amine in a single
animal in vivo. Thus, amine concentrations
are used as an index of neuronal alteration
only; these numbers may not reflect the true
integrity of function in the specific neuronal
type. However, it seems likely that a drug or
procedure that disturbs only one amine
concentration without altering others is
somewhat selective in its actions.

As reflected by both whole-brain amines
and regional decreases in tyrosine hy-
droxylase, the effect of 6-hydroxydopamine is
confirmed in the present study. However, in
spite of this destruction, the brain appears to
be able to recover some function by resorting
to alternative pathways or by the develop-
ment of supersensitivity. The development of
supersensitivity to dopamine after
6-hvdroxydopamine has already been
proposed.® Another mechanism that com-
pensates for the loss of some neuronal units
is increased utilization or hyperactivity of the
remaining nerves of that fiber system.® Such
an effect would produce an increased rate of
synthesis and release of amines from the
remaining nerves in an attempt to overcome
the decrease in rate of transmitter release.
This may account for the increased suscepti-
bility of 6-hydroxydopamine-treated rats to
a-methyltyrosine, found previously when a
decrease in performance task execution was
used as an indicator of catecholamine
neuronal function® In the present study,
although only one high dose of a-meth-
vltyrosine was used, the effects on MAC
may have reflected potentiation of its ef-
fects on resistance to anesthesia.

6-Hydroxydopamine renders the animal
more imritable, and the rats require more
morphine to achieve a given resistance to
nociceptive stimuli3® The decrease in MAC
found after 6-hydroxydopamine, therefore, is
probably not related to any analgesic prop-
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TaBLE 6. Effects of Reserpine on Brain
Norepinephrine and Cyclopropane
MAC in Rats

Number Whole-brain Caclopropane
af Nosepinephrine MAC
Group Rats ng'g Brain (Per Cent)
Control 19 1229 =90 18.1 = 0.3
Reserpine,
1 day 6 101 = 12 175 =04
Reserpine,
3 days 7 3391 = 60 19.1 = 0.7
Reserpine,
6 days 6 610* = 28 173 =02

Rats were given 10 mgkg reserpine intra-
penkonedlly at zero time, and MAC determined
at the indi 1 time intervals.
Rdts were killed after the first response to tail
compression was elicited as cyclopropane inspired
ration was reduced. Values represent
means = SEM. Calculation of mean differences
{control-experil 1) and dard error of the
difference revealed no significant effect on
cyclopropane MAC.
*P<.05.
tP<.0L
1 P <.001.

erty, since morphine lowers MAC* The
catecholamine systems of the brain in gen-
eral provoke excitation and locomotor activ-
ity, whereas interference with their function
usually leads to depression and inactivity.™
This general arousal function may be the
mechanism which, when depressed by de-
creased catecholamine availability, renders
the animal more susceptible to the depres-
sant effects of halothane. Halothane itself
may further depress the activity of this sys-
tem, as reflected by decreased turmnover or
utilization of cerebral norepinephriune.® Such
a proposal is of necessity very general, since
MAC may reflect only the summation of
changes in many systems.®

Administration of 5,6-dihydroxytryptamine
produces decreased brain serotonin® and tryp-
tophan hydroxylase?' However, the extent of
destruction of serotoninergic neurons by
5,6-dihydroxytryptamine is less complete
than that produced in catecholaminergic
neurons by 6-hydroxydopamine. Neverthe-
less, a significant decrease in halothane MAC
was observed. p-Chlorophenylalanine may
reduce brain serotonin stores by at least three
mechanisms,** 1) a decrease in uptake of
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tryptophan, the serotonin precursor from the
blood, 2) an inhibition of tryptophan hy-
droxylase by substrate competition, and 3)
possibly the production of an abnormal, less
active form of tryptophan hydroxylase. Thus,
although the mechanism of inhibition of
serotonin synthesis is much more compli-
cated, the end result is an inhibition of
serotonin synthesis that is similar to the
effect of a-methyltyrosine on catecholamine
synthesis. As with the catecholamine syn-
thesis inhibition studies, the combined
use of the selective neurotoxin 3,6-dihy-
droxytryptophan and serotonin synthe-
sis inhibition produced a more dramatic
decrease in halothane MAC than either
treatment alone. Since p-chlorophenyl-
alanine administration can antagonize
morphine analgesia,** the decrease in
halothane MAC would appear not to be
the result of a primary effect on antinocicep-
tive mechanics. Since p-chlorophenylalanine
alone produces insomnia in rats,* it would
appear not to possess meaningful sedative
actions; indeed, in awake animals, an in-
crease in aggressive behavior and an absence
of normal EEG sleep patterns are observed.*

Other observations support an association
between decreased amine availability and
sensitivity to depressant anesthetics.
Diazepam, which lowers the MAC of
halothane in man,* also decreases turnover
of central catecholamines*® and serotonin in
rats.¥” Eger found that hypoxia (to Pag, < 30
mm Hg) decreased the MAC of halothane in
dogs.? and Davis and Carlsson have recently
demonstrated decreased synthesis of cerebral
norepinephrine, dopamine, and serotonin as
a result of exposure of rats to 5.6 per cent
oxygen.i®

Neither 6-hydroxydopamine nor 35,6-
dihydroxytryptamine altered the cyclo-
propane MAC of rats, even though the extent
of amine depletion appeared comparable to
that produced in rats given halothane. Since
reserpine produces drastic reductions in all
three amines (norepinephrine, dopamine and
serotonin) an attempt was made to determine
whether this treatment would alter cyclo-
propane MAC. Since, again, no alteration in
MAC was found after a dose of reserpine (10

Anesthesiology
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mg/kg, ip) sufficient to deplete brain
norepinephrine .severely, it seems safe to
conclude that these amine systems are not
important in counteracting the neuronal
changes produced by anesthetic concen-
trations of cyclopropane. The present
findings with cyclopropane may be related to
the lack of amphetamine effect on the MAC
of fluroxene in rats, although the MAC of
halothane was increased by amphetamine?
This may again reflect the unimportance of
central amine-containing neurons in deter-
mining the resistance to a relatively excita-
tory anesthetic such as fluoroxene.’?

Winters and Ferrar-Allado" and Clark and
Rosner'* have recently proposed that cyclo-
propane and halothane may represent agents
at different points in the spectrum of anes-
thetic agents that produce, respectively, initial
excitation as opposed to progressive depres-
sion of the CNS. Perhaps the integrity of
central monoamine-containing neurons is
important only in altering the response to
depressant anesthetics and these neurons do
not antagonize the initial promiment excita-
tory phenomena that characterize the effects
of cyclopropane at light levels of anesthesia.
This thesis can be accepted only when other
anesthetic agents have been explored to test
the importance of the effect of amine-
containing neurons on the ability of the
agents to produce anesthesia.

The authors thank Marcine Kinkead, Susan Hal-
lister and Joseph Farmer for their excellent techni-
cal assistance.
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