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CHAPTER I
INTRODUCTION

The mechanlism of action of anesthetics 1s still unknown
in spite of extensive studies in this area. Anesthetics act
in the central nervous system (C.N.S.), by depressing trans-
mission of nerve impulges. There 1s general agreement that
anesthetics act nonspecifically and in a physical manner (Goth,
1974; Mullins, 1971). Although anesthetics exert their effects
on all areas of the nerve cell membrane, the synaptic areas are
the most sensitive (Larrabee and Posternak, 1952; Karis, 1967).
It 18 not known to what part of the membrane (lipid or protein)
that anesthetics b;nd. This will be easler to answer when mem-
brane architecture and 1ts' role in impulse transmission, 1is
known beyond hypothetical models. An important region in the
brain aesociéted with the maintenance of consciousness, 1s the
reticular formation. Early gtudies isolated this region as the
target of anesthetic action, producing unconsciousness (Moruzzi,
1949; Davis, 1958; Mori et al., 1968), but a theory that anes-
thesla is caused by depression of many regions, 1e rapidly gain-
ing support (Darbinjam et al., 1971; Crawford, 1970; Clark and
Rosner, 1973).

One approach in studying the manner in which anesthetics

act is to study these drugs in different stralns of mice.



Different sleep-times between strains of mice have been seen
frequently, following administration of the C.N.3. depressants
alcohol and pentobarbital (Jay, 1955; McClearn, 1962; Kakihana
et al., 1966; Randall and Lester, 1974). Several studles in-
dicate that sleep-time with anesthetics 1s llnearly correlated
with brain concentration (Jori et al., 1970; Wollman and 8mith,
1975), and any difference in sleep duration ie usually ac-
companied by different metabolic rates of the anesthetic agent
(Noordhoek, 1968; Belknap et a&l., 1972). Some inveatigators
though, have discovered sleep-time differences in mouse strains
(BALB and C57BL) that could only be explained by each strain's
inborn sensitivity (genetic susceptibility) to the anesthetic
(Kakihana et al., 1966; Randall and Lester, 1974). From this
work, the question arose whether or not BALB and C57BL mice
would demonstrate contrasting sensitivities to a volatile anes-
thetic; and if so, would the results be similar to previous
studies with alcohol, or barbiturate depressants? The following
study 1s intended to answer these questions. Sleep-times of
C57BL and BALB/C strains of mice have been determined using
methoxyflufane, e volatlle anesthetic. Braln and blood levels
of methoxyflurane have been measured and correlated with sleep-

time to determine strain sensitivity.



CHAPTER 11

REVIEW OF LITERATURE

Strain Differences

Central nervous system sensitivities to C.N.S. depressants
have been studled by observing sleep-time, a behavioral re-
sponse. Mice have most frequently served as the test animal
of cholce. Generally, sleep-time response between different
gstrains of mice seem to correspond to brain levels and metabo-
lic rates of the anesthetic agent (Tabakoff and Erwin, 1971:
Noordhoek, 1968). These results conform to accepted concepts
of anegsthetlic action - however, some investigations have shown
results to the contrary (Introduction). Ethyl alcohol has in-
duced a 3-fold sieep—tlme difference between mice strains of
BALB/C and C57BL. The C57BL strain was found to have shorter
sleep-times accompanied with greater brain and blood levels
(Kakihana et al., 1966). The C57BL strain is known to possess
a higher liver alcohol dehydrogenase level than the BALB/C strain
(Schleeinger, 1966), but in vivo rates of alcohol metabolism
are the same (Kakihana, 1966). Randall and Lester (1974),
studied central nervous system sensitivities to pentobarbital
and ethyl alcohol, with mice strains BALB/CJ and C57BL/6J. They
found that ethyl alcohol caused a 2-fold difference 1in sleep-
time - with the BALB/CJ strain sleeping longer. These differences



are not attributed to the greater alcohol dehydrogenase levels
found in C57BL's (Kakihana, 1966). An opposite effect was seen
with pentobarbital. The sleep-times were equal but the BALB/CJ
gtrain had greater barblturate brain and blood levels upon

awakening - rendering i1t less senslitive.

Characterigtics Of General Anesthetlics

The physicochemical aspects of the actlon of anesthetics
have been studied and there 18 general agreement that no chemi-
cal reaction is responsible for anesthesia (Bennett, 1969:
Mullins, 1971).

Three theorles commonly explain the physical actions of
anesthetics. These theories involve the action of anesthetlc
agent with 1lipid, protein, and water structure. Pauling, 1961;
Miller, 1961, separately claimed that inhalation anesthetics
form hydrated microcrystals within the central nervous system.
Thie involves a structural arrangement of the molecules of the
anesthetic with water molecules. Pauling stated that the re-
sultant microcrystale ("clathrates") forming in the synaptic
regions of the brain, interfere with the neural network, causing
a decreased energy of electric oscillations. Miller's account
is more specific as he stated that the microcrystals (“icebergs")
cause narcoslis by lowering conductance, through stiffening or
plugging up of the nerve cell membrane. Both theorlies are wesk
in that the microcrystals are not stable at either body temperature

or at atmospheric pressure. Further, such anesthetics as ethyl



ether, halothane, and methoxyflurane, do not form microcrystals
(Nunn, 1972). Pauling defends the theory by noting that “clath-
rates" are stabllized by charged side chains of proteins or
C.N.S. solutes.

The potency of inhalatlion anesthetics 1s proportional to
their 1lipid solubility. Thls relation is thought to be much
cloger than a capacity of these agents to function as modifiers
of water structure (Eger et al., 1969). Studies with the noble
gases demonsatrate an excellent correlation between 1lipld solu-
bility and narcotic potency (Bennett, 1969). A wide variety of
inhalation anesthetics also show excellent correlations between
their potency and their oil/gas coefficients (Eger et al., 1969).
However, alkalolds and inorganic ions do.not comply with the
theory and many fat soluble substances have no depressgant action
or actually produce convulsions (Kraentz et al., 1958). The
difficulty with the 1ipid solubility/anesthetic potency correla-
tion is that i1t offers no real explanation for the mechanism of
anesthetic action.

Experiments with cell membranes support a membrane protein
site of action. Nitrous oxide and chloroform have both been
found to increase the lateral pressure of lipoproteln films
(Clements,1962). He speculates that similar actions may be seen
with nerve cell membranes during anesthesia.

Burgen (1971) demonstrated with red blood cells that there
is strong binding of anesthetic to membrane protein, and that
the concentration of anesthetic in membrane protein appears to

exceed the concentration in membrane lipid.



Seeman and Roth (1972) demonstrated that clinical concen-
trations of anesthetics protected (8.0 %) red blood cells
against hypotonlc hemolysis. This protection is thought to be
due to a 0.4% expansion of the cell membrane (Seeman et al.,
1969). Other studies have shown that this 0.4% expansion is
assoclated with a 0.02% or less, increase in volume of the
anesthetlic in the membrane (Seeman, 1972; Seeman and Roth, 1972).
Since membrane expansion is roughly 20 times the occupying volume
of the drug in the membrane phase, it has been suggested that
extensive conformational changes in membrane proteins may be
involved (Seeman, 1972).

Mullins (1971) and Nunn (1972) have both postulated the-
ories which state that ion pores in the nerve cell membrane,
are affected during anesthesia. Mullins reasoned that anesthe-
tics may directly block ion pores (channels) in the membrane.
Hies theory states that the size of the anesthetic molecule 1s
an important parameter in the blocking of the membrane pore.
Decane 1a lipid soluble but it is not an anesthetlic. Mullins
would explain thls by saying that decane 1s too large to fit
into the membrane pore. The molecular attraction of anesthetic
in the membrane pore is thought to be the result of electrosta-
tic attraction of dipols (Van der Waal's intramolecular force).
Nunn's theory 1s slightly different. He theorized that anesthe-
tics produce effects by interaction with proteins in the nerve
cell membrane, He feels that this interaction can produce con-

formational changes sufficient to alter the property of proteins.



This action could interfere with nerve cell membrane pores.
Nunn's literature review points out that anesthetics are highly
selective for different proteins and that this selectivity ac-
counts for different actions of anesthetlcs. He notes that
trichloroethylene, nitrous oxide, and methoxyflurane are anal-
gesic in subanesthetic doses, while halothane 1s not. Nunn's
theory accounts for this difference of action as due to unique
binding sites (proteins) of these anesthetics.

Nerve cell membranes are thought to be altered by anes-
thetics, in some way, to affect depolarization by impeding
transmembrane fluxes of ions. Anderson and Amaranath (1973)
took a comprehensive look at experimental evidence of anesthe-
tic effects on transport across cell membranes. They concluded
that anesthetics uniformly affect transmembrane fluxes, and that
all agents producing general aneathesia, including the charged
forms of local anesthetics, act thru & single basic mechanism
of action, a nonspecific physical effect in the membrane. In
their conclusion they say, "1t 1s theoretically possible that
anesthetics affect transmembrane fluxes by modification or con-
formational changes in membrane proteins.*

Gergis et al., 1972 measured acetylcholine concentrations
released at synaptic junctions during anesthesia. They found
that although the anesthetics depressed nerve transmission, the
acetylcholine volumes remained unchanged when compared to the
period just before anesthetic application. This work discou-

rages earller theorles that synaptic vesicle membranes are



affected.

Research has shown that the synaptic junction is the
most sensitive area of the neuron to anesthetics. Using pla-
tinum electrodes, Larrabee and Posternak (1952) studied the
effects of sodium pentobarbital, on synaptic tranemiseion and
axon conduction. They found that the anesthetic had a greater
depression effect on synaptic transmission than on axon con-
duction. Karis (1967) supported these conclusions with work he
did wilth neuromuscular responses to blocking concentrations of
di-ethyl ether.

In 1947, studies of lesions in the reticular formation of
the cat by Lindsley, Bonden, and Magoun, showed a persistent
sleep pattern on the electroencephalogram which could not be
activated by peripheral stimuli. Many studies have emerged
from this work to demonstrate that the reticular formation 1s
the most important braln region depressed durling general anes-
thesia.

Stimulation of the reticular formation system 1n sleeping
cats, resulted in a change in the electroencephalogram from the
sleeping pattern to the awake pattern (Moruzzi, 1949). Ether
and pentobarbiltal selectively depressed the multiple unit ac-
tivity of the reticular formation, and stopped electroencepha-
lographic arousal produced by reticular stimulation (French,
1953). Later studies with animals have shown that commonly used
general anesthetic agents exert their initial effect in the re-
ticular activating system, before acting upon other areas of

the brain (Davis, 1957; Davis, 1958). Morl, Winters, and Spooner



(1968) experimented with cats using di-ethyl ether, halothane,
and pentobarbital to study multiple unit activity with auditory
evoked responses. They found that the spontaneous activity in
the reticular formation decreased progressively with increased
doses of anesthetic.

Traditionally, the brain stem reticular formation has
been accepted as the main target of anesthetic actlon causing
unconseclousness - however, research is mounting to support a
multi-site theory of action. Ether anesthesia abollshes the
impulse resulting from an auditory stimulue somewhere in its
route thru the reticular formation, but does not block the dir-
ect pathway via the lateral leminscus (French et al., 1953).
Similarly, nitrous oxide, ethylene, and cyclopropane primarily
decreage resgponses evoked from the reticular activating system
(tested by stimulation of the radial nerve), but these agents
also reduce the direct response in the thalamus by up to 50 per-
cent (Davis et al., 1957). The effects of thialbarbital and
di-ethyl ether on the reticular formation and cerebral cortex
were studlied in the cat. Both anesthetics had different de-
pressant effects on the brain. Thialbarbital caused marked de-
pression on cortical activity. 1Inhalation of ether depressed
the cerebral cortex but it also showed early depression of gy-
naptic input to the reticular formation - however, the functional
state of the reticular formation was not altered (Darbinjam et
al., 1971). Cortical neuron sensitivity to acetylcholine, and
an amino acld excitant (DL-homocysteic acid), was studied in

cats with barbiturate and inhalatlon anesthetic agents.
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Barbiturates were found to depress this sensitivity to cortical
neurons in doses less than used in surgical anesthesia. Halo-
thane at 1.5 percent depressed excitability, but methoxyflurane
was found not to alter chemical excitabllity of cortical neurons
- even at anesthetic levels. These findings indicate that
neurons in the cerebral cortex differ in their susceptibility
(sengitivity) to different anesthetic agents (Crawford, 1970).
Clark and Rosner (1973) discovered that in man the electroen-
cephalographic effects of methoxyflurane, halothane, and chloro-
form are similar to each other, but are distinctly different
from thoge of ether, nitrous oxlde, and cyclopropane. This work
suggeste that even similar anesthetics (inhalation anesthetics)
may have different regilonal sites of action. Randall and Lester
(1974) found different C.N.S3. sensitivities of two stralns of
mice (C57BL/6J and BALB/CJ) to alcohol and pentobarbital.
Sensitivities to the two drugs were determined by making com-
parisons of sleep-time with brain and blood anesthetic concen-
trations. The differences of C.N.S. gensitivity could not be
attributed to any metabolic differences of the drugs between the
two strains. The results of these studlies suggest that anesthe-
tics act at more than one region in the central nervous system.
Quastel and Wheatly (1932) postulated that anesthesia re-
sults from depression of cerebral respiration. However, exces-
slve anesthetlic concentrations often are required to inhibit
respiration in isolated tissue preparations (Quastel, 1965).
It has been suggested that the overall brain oxygen consumption

might fail to reveal profound inhibition in vital local areas.
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In support of this notion a small number of cells in fish retina
called "controller celle® respond within seconds to anoxia or
hypercapnia caused by alcohols and several volatile anesthetics
(Negishi and Svaetichin, 1966). If “controller cells" exist in
the central nervous system, and they modify the activity of other
cells, then anesthesia might inhibilt the metabolism and action of
these "controller cells' without affecting the total brain
metabolism.

In vitro studlies of brain carbohydrate metabolism suggest
that anesthetics inhibit electron transport between cytochrome
oxidase and a flavoprotein concerned with the oxidation of reduced
nicotine adenine dinucleotide (NADH) (Quastel, 1965). Since oxi-
dation of NADH allows phosphorylation of adencsine diphosphate
(ADP) to adenosine triphosphate (ATP), i1t follows that anesthetics
might inhibit oxidative phosphorylation. However, suppression of
ATP formation may result from lowered utilization of ATP. Since
ATP inhibitse 1ts own synthesgis, lowered utilization would dis-
courage further formation, and suppression of formation therefore
would not necessarily prove a direct effect of the anesthetic.
Also, the in vivo concentration of brain ATP 1s unchanged during
anesthesia, which suggest that this is not the cause of anesthesla
(Michenfelder et al., 1970).

If anesthetics act by inhibiting metabolism, then a likely
slte of action 1is the mitochondria. Major functions of mito-
chondria include those of energy transfer and storage. As noted

previously, cerebral ATP levels do not decrease as a result of

anesthesia (Michenfelder et al., 1970).
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All the enzymatic theoriles of anesthesla leave one question
unanswered - that is, are effects observed the cause or result
of anesthesla? In other words, do enzymatic changee cause in-
hibition of synaptic transmlssion, or are they themselves caused

by the general depression of the nervous system?

Characteristics Of Methoxyflurane

Physical Properties:

Methoxyflurane (2,2-dichloro-1,1-diflouroethyl methyl
ether) was first synthesized in 1958, and it was first used
clinically in 1960, by Artusio et al. Methoxyflurane has the

structural formula:’
Cl F H
1 [} [ ]

H-C~-C~-0-C-H
' ' '

Cl F H

Physical constants of methoxyflurane (Abbott Laboratories) are:

Molecular welght .-cc.ovueevncennenns cececaos. 164, 97
Boiling point at 760 mm. Hg ceeeee e cee..es. 104.65° C,
Partition coefficient at 37° C

Water/ga8 -eeceecvoaennns et S T

Dlo0A/gAB +veeevriecicnreerrcntnrosrsaese 10.2

011/888 soevrevecrocenneas Creeereeeee ... 825.0
Vapor PI'EBSBUIrE «cecceececoesonsssosoceoenssss . 20 mm. Hg
Flash polnts

IN AT covereernceeiacosseenusennasnnnas . 62. 8°

in oxygen (closed system) ............ ... 32, 8 C

in nitrous oxide 50% with 50% oxygen .... 28.2° C.
Lower limits of flammability of vapor

concentrations
IN BAP vt enrnareererennoeeeneesanannona .. 7.0 %
AN OXYEEN soveevcvevnannonnnnoans Ceee e 5.4 %
AN N0 508 oevnvnvneineenonnnnnanenneenns L.6 2

Methoxyflurane is the first clinicelly useful nonex-
plosive ether to be found. Many of its' pharmmacologlc proper-

ties are similar to those of other helogenated hydrocarbons.
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Pharmacology:

Knox and colleagues (1962), using gas chromatography,
determined the vapor concentrations necessary to induce and
maintain anesthesia in humans. During inductlion an excess of one
percent 1s required for surgical anesthesia. An inhaled con-
centration of 0.2 to 0.5 percent 1s needed for anesthesia
maintenance.

During anestheslia, adipose tissues contlnue to absorb
methoxyflurane. In subcutaneous fat the level of methoxyflurane
(3.4 mg./g.) plateaued after five hours of administration at
1.0%. In the postanesthetic period, the brain was found to
have the second highest tissue concentration - second only to
the suprarenal gland. This information was obtained using dogs.
Deep levels of anesthesla were assoclated with methoxyflurane
levels of 0.51 milligram per milliliter of venous blood and 0.72
milligram per milliliter was found in venous blood when the dogs
had regained consciousness. No brain levels were measured at
this time (Chenoweth et al., 1962).

Methoxyflurane is mostly eliminated by the lungs. Specles
differences occur however in the amount that is metabolized.

Van Dyke et al., (1964) detected that rats exhaled 85-90 percent
of methoxyflurane withlin 30 hours after injection. Labeled
chloride in concentrations of 1.1 percent were found in urine
within 48 hours after anesthetic injection. They reported that
the majority of rats ylelded a 1-2 percent conversion of methoxy-

flurane. Degradation of 20 to 50 percent are reported to occur
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in man (Cohen, 1971; Halsey, et al., 1971).

The respliratory center of the central nervous system 1is
greatly affected by methoxyflurane. Respiratory depression 1is
directly related to the depth of anesthesia. Respiratory para-
lysis 18 easlly produced and for this reason methoxyflurane 1is
commonly administered thru an endotracheal tube to control vital
respiration (Price, H.L., 1975).

Methoxyflurane creates a blood pressure fall that is pro-
portional to the depth of anesthesia. This hypotension is
sccompanied by bradycardia, reduced cardiac output, and reduced
contractile force of the heart (Wood-3mith et al., 1973; Price,
1975).

At relatively light planes of anesthesla, methoxyflurane
provided substantial analgesia and muscular relaxation. Anal-
gesla may even perslst after consciousness has returned. Skele-
tal muscular relaxation is profound at deep levels of anesthesis,
but so are the circulatory arffects; for thle reason, neuromus-
cular blocking drugs are usually used to achieve muscle relax-
ation (Price, 1975).

Methoxyflurane 1s not believed to have any specific toxic
effects on the liver - however, a few cases of liver necrosis
have been seen after anesthesia (Wood-Smith et al., 1973).

Renal dysfunction assoclated with methoxyflurane is rare
but high output renal failure has been observed. This syn-
drome 18 characterized by: dilute urine, dehydration, and

azotemia (Mazze et al., 1971).



CHAPTER III
METHODS

The animals for thie study consisted of 21 male BALB/C
and 21 male C57BL mice, 10-13 weeks of age, weighing 22-30
grams. The mice were mailntained on Purina Lab Chow and tap
water ad libitum. They were kept in an artifically lighted
vivarium for ten days before each test began. All experilments
were started at 1:00 p.m. (4 30 minutes), to avoid ecircadlan
variation (Speciale and Friedman, 1971).

Thie study consisted of three experiments. In the first
experiment, pain-pressure and righting reflex recoveries were
recorded and were compared with brain and blood methoxyflurane
extractions taken immediately after righting reflex recovery.
The second experiment was concerned with righting reflex re-
covery only. In experiment three, the brain and blood methoxy-
flurane extractions were performed immediately after the mice
were taken out of the aneathesla flask. A measurement of fall-

time was also recorded (see experiment III for definition).

Experiment I. Part A

Ten palrs of mice were anesgtheslzed separately in two
500 milliliter Erlenmeyer flasks, using a semi-closed system.
A rflow chart of this system 1s diagramed on the following page.

15



Oxygen Vaporizer Holding Anesthesia Y-Tube Water Vent
tank tank flasks trap

The purpose of the water trap 18 to keep out environmental air.
One mouse from each strain was placed in the anesthesia
flasks. The flasks were alternated so that each strain had the
same flask every other test. Each mouse was subjected to me-
thoxyflurane via a vaporizer for 35 minutes. Initially, the
vaporizer was set at 1.5 percent, with an oxygen flow rate of
4.0 liters per minute, for 25 minutes. Anesthesia was main-
tained with the vaporizer get at 0.5 percent, with an oxygen

flow rate of 1.0 liter per minute, for 10 minutes.

Experiment I. Part B

At the end of the 10 mlnute anesthesia maintenance
period, the mice were taken out of the anesthesla flagk and
were placed on their backs. Paln-pressure responses and right-
ing reflex recovery were’then recorded as measgurements of sleep-
time. The time lapse, from placing the mice on their backs
until they responded to pain (by pinching their tails) was re-
corded as pain-pressure recovery. The response took the form
of 1limb or abdominal movement caused by the pinch. The talls
were pinched half way up at six second 1nteryals. After the
pain-pressure response was elicited, the pinching was con-
tinued (at thirty second intervals) until theilr righting re-
flex was recovered. Righting reflex recovery was measured as

the time lapse from placing the mice on their backs until they
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rolled over twice within one minute.

Experiment I. Part C

Preparation for assaying the concentrations of anesthe-
tic in brain and blood were initiated immediately after each
mouse had regained its' righting reflex. The mice were sacri-
ficed by cervical dislocation. This was achieved by sharply
pulling the tall while pressing a probe against the posterior
portion of the first few cervical vertebrae. Blood samples
of approximately 20 microliters were collected in heparized
glass caplllary tubes. This was done by exposing and removing
the heart, and by plunging the capillary tube in and out of the
pooled blood in the mediastium. The tubes were gealed at both
ends with clay. Three samples were taken simultaneousgly for
each strain. The brains were then removed and were placed in
3.0 milliliter glass vials which contained 1.5 milliliters of
extracting solution and 7 glass beads. The vials were topped
with aluminum foil. A rubber septum was placed on top of the
foil and was pressed down the vial 1/8 inch to complete the seal-
ing. The braln welght was then recorded. This was determined
by subtracting the weight of the vial (extracting eol., glass
beads, foil, septum) before and after the addition of the brain.
The brains were then broken up on a Vortex mixer for 12 minutes.
Further mixing and aneathetic extraction was performed with a
mechanical mixer for 10 minutes. The homogeniged brains were
then centrifuged for 15 minutes, at 3000 r.p.m. The centrifuge

separated the homogenate into a cellular and a clear layer.
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The methoxyflurane was localized in the clear layer at the top
of the vial. The clear layer was then transfered by a glass
syringe into a 1.0 milliliter glass vial. The vial was sealed
with a teflon lined twist-cap. Both blood and brain extractions

were then ready to be assayed by gas chromatography.

Experliment II. Part A

Eleven pairs of mice were anestheslzed under a 10.5 liter
Bell Jjar. A flow chart of this system 1is dlagramed below.
Xeemm oo ) e Xowmmmseme Xewommoeae oo emea X

Oxygen : Vaporizer : Holding : Bell jar : Water : To Vent
tank trap

The Bell Jjar was dlvided by a hollow plywood partition which
separated the space into equal volumes. The Bell Jar sat on

a 2'x2' plywood base which was covered with a towel. The
methoxyflurane entered the Jar via glass tubes which passed thru
the base and were located between the partition. Five mlice from
each strain were placed on opposite sides of the plywood wall.
The mice were subjected to methoxyflurane for 45 minutes. Dur-
ing the first 8 minutes the vaporizer was get at 1.5 percent
with an oxygen flow rate of 5.0 liters per minute. The oxygen
flow was then cut to 1.0 liter per minute - with the vaporizer
remalning at 1.5 percent, for 22 minutes. Anesthesla was main-
tained at 0.5 percent, with an oxygen flow rate of 1.0 liter

per minute, for 15 minutes.

Experiment Il. Part B

At the end of the 15 minute anesthesia maintenance period,
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the mice were taken out of the Bell jar and were placed on
their backa. The time lapse from placing the mice on their backs
until they rolled over twice within one minute, was recorded as

righting reflex recovery.

Experiment III. Part A

The mice that were tested in Exp. II were given a ten day
rest period, prior to being used in Exp. III. The administra-
tion of methoxyflurane (technique and apparatus) was the same

as that used in experiment I.

Experiment III. Part B

A measurement of fall-time was made for each strain. Fall-
time 1s a measurement of time lapse from when the anesthetic is
turned on, until the mouse falls and can not offer resistance to
being positioned on its' back. The mice were positioned on

their backs (rolled over) by gently shaking the anegthesia flask.

Experiment III. Part C

The extraction of'methoxyflurane from blood and brain was
executed as soon as the mice were taken out of the anesthesia
flasks. A blood sample (45.7 ul.) approximately half of one
heparized capillary tube, was collected from the mediastium in
the same manner as stated in Experiment I. Part C. The blood
was then transfered to a three milliliter glass vial which was
precooled in an ice bath, and contained 78.0 ul. of extracting
solution (see materials). The blood was then mixed in the ex-

tracting solution thru vigorous stirring with a capillary tube.
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The blood mixture was left in the ice bath so that the anesthe-
tic extraction of the brain could be started with no further
delay. The brain anesthetic extractions were handled in the
same manner as described in Experiment I. Part C. After the
brains were sealed in the glass vial, attentlon was agalin di-
rected to the blood extraction. One capillary tube for each
strain was filled with the blood mixture and was sealed at both
ends with clay. The tubes were then centrifuged 1in a micro-
caplillary centrifuge for 8 minutes. A cellular, plasma, and
clear layer (extraction sol.) resulted, with the methoxyflurane
captured in the clear layer. The clear layer was separated
from the other two layers by breaking and sealing the capilllary
tube at the plasma/extracting solution border. The blood anes-
thetic extraction was now complete. The brains were then weighed,
homogenized, and centrifuged as described in Experiment I. Part
C. The extracted methoxyflurane was transfered via a glass
syringe into a 1.0 milliliter glass vial, and was capped with a
teflon lined twist-cap.

This method of anesthetic extraction from brain and blood
1s adapted from those used by Wolfson et al., 1966; Cervenko,
1968. Modification came in the cholce of toluene as the anes-
thetic solvent. Prior studies (Chenoweth et al., 1962; Allott
et al., 1971) used carbon disulphide as the solvent. Carbon
disulphide 1s not an 1deal solvent because of toxicity, effects
on the chromatograph base line, and plugging effects on the chro-
matograph column and detector. In additlion, other solvents

which were tried, such as heptane and carbon tetrachloride, both
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elute from the column at the same time as methoxyflurane,
thus precluding their use. Toluene was found to be a good

solvent in that‘it gseparated from methoxyflurane cleanly, it

is relatively nontoxic, and 1t has no cloggling effect on the
chromatograph. The only drawback in using toluene is that it

takes a relatively long time (15 minutes) for it to clear thru

the column.

Experiment I. & III. Measurement of methoxyflurane in brain
and blood.

Ges chromatography is a commonly used method for the
measurement of inhalation anesthetica. The chromatograph ise
comprised of an analytical column, a detector, and a recorder.
The sample to be analyzed 1is injected into a heated port where
it 18 volatilized. It 1s then carried by an inert gas (nitrogen)
thru the column to the detector. The column contains different
substances which adsorb the varlous volatilized components for
different lengths of time. 'Multiple components thus reach the
detector separately. The detector sends a signal to the re-
corder, for each component, varying in intensity, according to
the quantity present. The recorder displays the signal in the
form of a peak. The area under this peak gives an accurate in-
dication of the quantity present. When the peaks are sharply
defined with a narrow base, it 1s acceptable to use the height
of the peak for quantity determination (Burchfield and Storrs,
1962).

The analyses were performed on a Hewlett/Packard model
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5750-B gas chromatograph (G.C.) - equipped with a hydrogen
flame detector. The column consisted of a 6 foot by 1/8 inch
coiled brass tube, and was packed with 5% SE 30 on 60-80 Chro-
mosorb W. Settings for the brain and blood samples for ex-
periment I were as follows: Brain: column temperature 100° C.,
carrier gas flow (N, - 39 p.s.1. at 20 ml./min.) at setting 1.0,
range 10, attenuation 16, paper speed 0.5 inch a minute; Blood:
column temperature 90° C., carrier gas flow (Nr - 39 p.s.i. at
30 ml./min.) at getting 1.5, range 10, attenuation 16, paper
speed 0.5 inch a minute. Oxygen (30 p.s.i.) was burned with
the hydrogen (10 p.s.i.) during all assays. The G.C. settings
for the brain and blood assayeiin experiment III were the same
as the brain settings for experiment I.

Dose response and internal standard techniques were em-
ployed to determine the anesthetic concentrations. The dose
response method was used for the blood assays. In experiment
I, the gas chromatograph was callbrated by injecting different
dilutlions of known amounts of methoxyflurane disolved in water.
A response to 40 and 20 milligram percent dilutions was attained
before and after each blood assay {(fig. I). In experiment III,
dose regponses were attained with a 10 milligram percent solu-
tion (see materials). The calibrating solutions were made up
fresh every three days. Blood anesthetic concentrations were
determined by comparing the unknown peak heights to the known
(mg./ml.) peak heights.

The internal standard technique (detailed by Burchfield

et al., 1962) was employed for determining the brain quantities
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of anesthetic. Thls technique wag used in both experiments

(I & III). Toluene, (extracting solvent) di-ethyl ether,
(internal standard) and a precisely known amount of methoxy-
flurane (10 mg. %), comprised the calibrating solution ( see
materials for amounts). The calibrating solution was made up
fresh every three days. The calibrating solution functioned by
displaying peak ratios of methoxyflurane to di-ethyl ether, with
a known amount of methoxyflurane (fig. 2). The unknown methoxy-
flurane is thus determined by dividing the known ratio by the
unknown ratio and by multiplying the quotient by the knoﬁn milli-
gram quantity of methoxyflurane in the calibrating solution.
This ylelds the total milligram amount extracted. This number
is then multiplied by the ratio 1000 mg./brain wt. This will
give the amount in mg. of methoxyflurane extracted, contained

in 1.0 gram of brain. This formula 18 represented below:

Ratio from cal. sol. X Mg. amount of anesthetic X 1000 mg,
Ratlo from unknown in the cal. sol. mg. brain wt.

Blood samples were assayed by breaking the capillary
tubes, drawing the blood (Exp. I) or extrgcting solution (Exp.
III) with a 1.0 microliter syringe, and injecting it directly
into the gas chromatograph. Three injections of 0.5 microliter
amounts were asgsayed for each blood and brain assay. The mean
value of the three injections was recorded as the quantity of

anesthetic present.

Statistical analysis

Comparisons of the sleep-time evaluations, and blood and

brain anesthetic concentrations between the two strains (BALB/C
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and C57BL) were made by using analysis of varilance.



CHAPTER IV
RESULTS

The results of experiment I are presented in tables I -
VII (pages 27 - 31). Significant sleep-time differences were
found between BALB/C and C57BL strains of mice. With both
measurements of sleep duration the C57BL mice slept longer than
the BALB/C mice - pain-pressure (F - 12.2, df - 1/18, P<.005)
and righting reflex (F - 11.1, 4f - 1/18, P<.005). When com-
paring the mean differences between the two sleep-times, it
wag found that pain-pressure (53%) showed a 18% greater dif-
ference than the righting reflex evaluation (35%). This may
indicate that the paln-pressure teét is a more sensitive test,
when measuring recovery, than the righting reflex method. De-
splte these sleep-time differences, no significant contrast was
detected in either blood or brain anesthetic concentrations,
extracted immedlately after righting reflex recovery. A comment
should be made about the relliability of the blood data. The
procedure of injecting blood samples straight into the chroma-
tograph 18 not a good one, as 1t ylelds variable results be-
tween injections. The average standard deviation, of the three
injections, in all the mice, was 0.12 milligram. This is fairly
high when considering that the mean of the whole test was 0.24
milligram. Even with the great variabllity, the data was still

25
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in agreement with blood methoxyflurane recovery levels repox~ted
with doge (Chenoweth et al., 1962). No report of such varie—
bility was made in this publication. Another unfavorable
characteristic of the procedure was that the syringe and G.C.
injectlion port both frequently needed to be cleared of dried
blood. Because of these liabilitles, a different procedure was
used for blood extractions in experiment III.

The results of experiment II are displayed in tables VI II
- X (pages 32 - 34). The sleep-times in experiment II were in
the same direction as those found in experiment I. The C57BL‘'s
slept 44% longer than the BALB/C's. Because of the greater length
of anesthetic time, both strains slept almost twice as long as
in experiment I.

The results of experiment III are found in tables XI — XVI
(pages 35 ~ 40). No fall-time differences were detected be—
tween the two strains. No anesthetic (blood or brain) differ-—
ences, extracted at the greatest depth of anesthesia, were seen
either. These results indicate that the mice received equall
amounts of methoxyflurane which was absorbed and dlgtributed at
similar rates. The procedure for blood extraction and analysis
in experiment III were far superior to those used in experiment
I (see rigures III and IV). The average deviation, between the
three injectiong, of all the mice, was 0.04 milligram. Thie
1s very acceptable when considering that the mean for the wiiole
study was 1.50 milligrama. Also, the problem of dried blood in
the syringe and injection port was eliminated, which decreased

the time and labor of assaylng the samples.
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TABLE I. Sleep-time duration beginning at the end of the
anestheslia maintenance period.

SLEEP-TIME

PAIN-PRESSURE RIGHTING REFLEX
(in minutes) _(in minutes)

Cs7BL BALB/C C57BL BALB/C

5.1 5.0 21.4 20.9
8.5 2.5 LE.8 15.1
4.0 2.5 19.13 12.3
9.0 7.0 25.5 24.0
6.7 2.9 22.3 15.7
16.4 4.3 32.4 22.8
10.7 5.5 28.8 18.2
11.4 2.5 28.6 12.0
7.0 .0 23.0 16.7
12.0 5.8 28.0 23.2
TABLE II. Anesthetic concentration extrected at the time

of righting reflex recovery.

ANESTHETIC CONCENTRATION

BLOOD BRAIN

gmg.(l.o ml.) (mg. /1.0 g.)

C57BL BALB/C C57BL BALB/C

.20 .21 .28 .28
.12 .15 .12 .20
.21 .20 .22 . 26
.24 .30 .22 .24

A . 34 +25 .24
.23 .29 .17 .26

.19 .20 .27 .25
.31 A2 .21 .30
.13 .30 .15 .19
.28 .23 .20 .15

## Technical problem
27



TABLE III. Analysis of Variance Table, applied to sleep-time duration beginning at
the end of the anesthesia malntenance period.

PAIN-PRE3SURE

Varlance
Source
Between
Within

RIGHTING REFLEX

Variance
Source
Between

Within

DF

s

18

(-

18

38 M3 F PROBABILITY
114.24  114.24  12.19 .001 P >.,005
168.73 9.37

88 M3 F PROBABILITY
Ls3.15 453.15 11.10 .001 > P »=,005
733.60 L0.75

82



TABLE IV.

at the time of righting reflex recovery.

BLOOD ASSAY

BRAIN ASSAY

Variance
Source
Between
Within

Variance
Source
Between
Within

DF

17

DF

18

Analysls of Variance Table, applied to anesthetic concentration extracted

PROBABILITY

83 MS F
500,10 500.10 6.4
1324.70 77.90
s8 MS F
17.10 17.10 1.6
198.70 11.00

.05 »P » .10

PROBABILITY

.10 = P> .25

62
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TABLE V. Statistics applied to sleep-time duration begin-
ning at the end of the anesthesia malntenance period.

SLEEP-TIME PAIN-PRESSURE RIGHTING REFLEX
(in minutes) (in minutes)

C57BL BALB/C  CS7BL BALB/C
Range 4,0-16.4 2.5-7.0 19.3-46.8 12.0-24.0
Mean 9.1 4.3 27.6 18.1
Standard
Deviation 3.7 1.5 7.9 . 4.5
Alpha Error .001 »P &.005 .001 > P > ,.005
TABLE VI. Statistics applied to anesthetic concentration

extracted at the time of righting reflex recovery.

ANESTHETIC BLOOD ASSAY BRAIN ASSAY

CONCENTRATION (mg./1.0 ml.) (mg./1.0 g.)
C57BL BALB/C Cs7BL BALB/C

R&nge . 12-0 31 015-042 01?-028 -15"030

Mean .21 27 .19 e 22

S3tandard

Deviation .06 .08 .05 .05

Alpha Error 05 =P » .10 10 =P >.25
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TABLE VII. Animal weight, brain weight, and methoxyflurane
levels extracted per whole brain.

Animal weight Brain weight Anesthetic extracted
(in grams§ (in milligrams) (in milligrams)

C57BL BALB/C C57BL BALB/C C57BL BALB/C
24.0 30.0 <324 « 379 .091 .106
24,0 29.0 «270 264 .032 .053
22.0  28.0 « 220 «229 .048 .059
22.0 30.0 « 250 «250 .055 .060
25.0 27.0 .230 .250 057 . 060
22.0 27.0 « 273 «250 . 046 .065
22.0 26.0 .210 . 247 .057 .062
23.0 27.0 «270 +225 .057 .068
22.0 28.0 . 376 +393 .056 .075
22.0 29.0 287 «395 .057 2099

Mean 23.0 28.0 .271 .288 .056 .067
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TABLE VIII. Sleep-~-time duration beginning at the end of the
anestheslia maintenance period.

SLEEP-TIME

RIGHTING REFLEX
(in minutes)

C57BL BALB/C

14.5 16.8
50.8 18.3
65.8 38.7
67.2 38.4
74,5 60.0
19.0 12.9
21.6 24.3
L.2 28.3
65.3 31.0
66.3 33.8
82.3 L5.3



TABLE IX. Analysis of Variance Table, applied to sleep-time duration taken at the
end of righting reflex recovery.

RIGHTING REFLEX

Variance DF 838 M8 F PROBABILITY
Source -
Between 1 2480.62 2480.62 6.99 .005 >P = .025

Within 20 7098.59  354.93

49
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TABLE X. Statistics applied to sleep-time duration taken
at the end of righting reflex recovery.

SLEEP-TIME RIGHTING REFLEX
in minute
C57BL BALB/C
Range 14.5-82.3 12.9-60.0
Mean 52.9 31.6
Standard
Deviation 22.8 13.8

Alpha Error .005 =P > ,025
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TABLE XI. Fall-time during the 1lnduction period, and
anesthetlc concentration at the end of the anesthesgia main-
tenance period.

FALL-TIME ANESTHETIC CONCENTRATION

ROLL-OVER BLOOD BRAIN

(in minutes) (mg./1.0 ml.) (mg./1.0 g.)
C57BL BALB/C C57BL BALB/C C57BL BALB/C

1.5 1.7 1.28 1.53 40 . 54
1.4 1.4 1.39 0.98 46 .34
1.2 2.1 2.50 1.05 .72 .36
1.7 1.4 1.13 1.08 .28 .27
1.4 1.9 2.37 1.92 .61 .62
1.4 1.1 1.89 2.56 ¢53 .55
1.3 1.7 1.55 1.39 .57 .52
1.2 1.3 1.76 0.81 .23 .« 57
1. 1.7 1.39 0.98 .45 .28
1.2 1.2 1.9 1,29 .59 A1
1. 1.4 1.37 1.21 .55 .38



TABLE XII. Analysls of Variance Table, applied to fall-time during the anesthesila
induction period.

FALL-TIME
| Variance DF 338 M3 F PROBABILITY
Source —
Between 1 0.11 0.11 3.79 .05 P >.10

Within 20 0.58 0.03

9¢
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TABLE XIII. Statistics applied to fall-time during the
anegthegla induction period.

FALL-TIME ROLL-OVER
{in minutes)
Cs7BL BALB/C
Range 1.2-1.7 1.1-2.1
Mean 1.4 1.5
Standard
Devlation 0.13 0.31

Alpha Error .05 = P >,10



TABLE XIV.

at the end of the anesthesla maintenance period.

BLOOD ASSAY

BRAIN ASSAY

Variance

Source

Between
Within

Varlance
Source
Between
Within

o)

20

DF

)

20

Analysis of Varliance Table, applied to anesthetic concentration extracted

PROBABILITY

88 M8 F
0.50 0.50 2.20
b. 5k 0.23

ss MS F
4.12 4,12 3.27
25.19 1.26

10 »P > .25

PROBABILITY

05 P >.10

8¢
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TABLE XV. Statistics applied to anesthetic concentration
extracted at the end of the anesthesia maintenance period.

ANESTHETIC BLOOD ASSAY BRAIN ASSAY

CONCENTRATION (mg./1.0 ml.) {mg./1.0 g.)
Cs57BL BALB/C C57BL - BALB/C

Range 1-13"2050 0081"2056 0038-0o72 0-27"0062

‘Mean 1.65 1.35 0.53 0.44

Standard

Deviation 0.44 0.50 0.10 0.12

Alpha Error .10 > P .25 .05 =P >.,10
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TABLE XVI. Animal welght, brain welght, and methoxyflurane
levels extracted per whole brain.

Animal welght Brain weight Anesthetic extracted
(in gggmas (in milligramg) (in milligrams)
C57BL BALB/C Cs5?BL BALB/C C57BL BALB/C
25.0 23.0 .289 .333 .116 .180
25-0 22-0 0288 0311 0123 0106
23.0 24.0 « 200 277 <142 .099
23.0 26.0 . 227 . 316 .086 .085
23.0 27.0 .236  .262 144 L1162
24.0 22.0 .228 .276 .121 .152
24.0 24,0 .239 .267 136  .139
25.0 24,0 o 241 .221 «127 .126
25.0 24.0 .330 367 149 .103
25.0 24.0 .28Z » 327 .170 134
gébo 2‘4’00 [ 20 _0_312 0162 ‘1 "4’

Mean 24.0  25.0 .261  .303 136 .130




CHAPTER V
DISCUSSION

The results of this study support the findings of Kakihana
et al., 1966, and Randall and Lester (1974), that genotype is
an important determinant of response to C.N.S. depressants in
mice. The findings of the present study, that C57BL and BALB/C
stralns awaken at different times, with similar brain and blood
anegsthetic concentrations, can be explained by two concepts.

The first concept deals with physiological differences such as
regpiration, circulation, neurochemical substances, and meta-
bolism. These factors have general effects on the anesgthetic
process but are separate from the local actions of anesthetics
. on the central nervous system. The second concept deals spe-
cifically with braln affinity and sensitivity.

Regpiration and blocod flow are two parameters which affect
the rate of elimination of gaseous anesthetics. Any naturally
occuring (at rest) differences in respiration and heart rates,
between the two strains, could account for the results obsgerved.
Respiration was measured with one pair of mice., The C57BL mouse
was obaserved to breath slightly faster (185 breaths/min.) than
the BALB/C mouse (160 breaths/min.). Blizard and Welty (1971)
have previously found that C57BL's have faster heart rates
than the BALB/C strain (P« .01). These observations are contrary

L1




L2

to the findings of the present study. It is acknowledged though,
that no measurements were made of blood or respiratory volumes.
There 1s no direct evidence that methoxyflurane arffected
circulation, respiration, or heart rate differently between

the two strains. However, one could speculate that the sleep
duration differences between C57BL and BALB/C mice may be at-
tributed to such factors, either local or general (Altura, 1971).

Serotonin, a brain biogenic amine (neurochemical) as-
sociated with sleep (Mitler et al., 1973) has been found (in
brain stem sections) in lesser quantities in C57BL/10J than
BALB/C mice (Maas et al., 1962; Sudak and Maas, 1964). The
actlions of serotonin are not known, but these concentration

differences may directly or indirectly be responsible for the
results of the present study.

A xnown metabolite of methoxyflurane is fluoride (Holaday
et gl., 1970). Toxic doses of fluoride cause brain excitability
Just prior to respirétory paralysis (Arena, 1970). Studies
with rats have shown that only 1-2% of inhaled methoxyflurane 1is
metabolized in 48 hours (Van Dyke et al., 1964). Although the
possibility of metabolic differences between the strains can
not be ignored, 1t should be stressed that brain and respiratory
effects of rfluoride are seen with toxic doses. In view that
reversable anesthetic levels of methoxyflurane-were used, and
that the length of time that the mlice were subjected to methoxy-

flurane was short (35 min.), 1t does not seem possible that
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increased fluoride levels could account for any differentilal
arfects.

If methoxyflurane acts nonspecifically, then it 1e ex-
pected that the strain that sleeps longer (C57BL) should possess
less anesthetic in the brain. As noted earlier, no intra strain
(blood or brain) methoxyflurane differences were observed at
the time of righting reflex recovery, even though significant
contrast in sleep duration were recorded. Thus, the difference
in methoxyflurane levels 1is either not great enough to be sig-
nificant or factors such as braln affinity or sensitivity may
explain these results.

Such an affinity concept can be related to methoxytluranes'.
lipid solublility. The potency of an anesthetic, with few ex-
ceptions, is related to its' 1lipid solubility (Meyer, 1899;
Overton, 1901; Bennett, 1969). Methoxyflurane with ite' high
l1ipid solubility, is present in large amounts, in the nerve cell
membrane, at the end of the anesthesla maintenance period.

Thus methoxyflurane is avallable in large enough quantities to
saturate the membrane binding sites. It seems reasonable to as-
sume that specles differences in membrane lipid and/or protein
composition (membrane architecture) could cause significant var-
iations in the binding affinity of methoxyfiurane - holding the
anesthetic for a longer time in C57BL than BALB/C mice. Anes-
thetics do bind to proteins and change their conformation (Wishia,
1962; Wetlaufer, and Lovrien, 1964; Wetlaufer and Balasubramnian,
1966). If protein is the main membrane unit disturbed by anes-

thetics, then differences in type and number of binding proteins,
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could account for the sensitivity differences seen in this study.
It should be noted though, that such a supposition could also

be applied to any enzymatic theorles of anesthesla (Quastel and
Weatly, 1932; Negishl and Svaetichin, 1966; Quastel, 1965).

This lack of correlation between anesthetic concentration
and sleep duration, may also be accounted for by affinity or
sensitivity of anestheticse to C.N.3. cardiovascular or regpira-
tory centers. With inhalation enesthetice the rates of change
of anesthetic tension in brain tissue, needed to produce anes-
thesia, 18 affected by resplratory volume and cardiac output
(Wollman and Smith, 1975). Methoxyflurane at fairly low con-
centrations, affects respiration and cardiac output (CHAPTER
II). For this reason, C57BL and BALB/C mice might have dif-
ferent cardiopulmonary sensitivities to methoxyflurane. Such
a phenomenon could significantly affect the strains rate of
elimination of the anesthetlic; causing different sleep dura-
tionsg with eimilar brain and blood anesthetlc levels at wake
time. Other than affinity, varlations in the number of neurons
or connections in the central nervous system, could also account
for any differences in cardiopulmonary sensitivities.

Previous studies with alcohol (McClearn, 1962; Kakihana
et al., 1966) have demonstrated that BALB/C mice are more sen-
sitive to alcohol than C57BL mice. Randall and Leeter (1974)
found that C57BL/6J mice had greater gensitivity to pentobarbital
than to alcohol, the reverse being true for the BALB/CJ mice.
They oconcluded that the depressant affect of alcohol is thus
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not generalizable and that thelr results support the notion
that different brain sites are involved. The results of the
present study, gives some indication that methoxyflurane, a
volatile anesthetic, acts at similar brain sites as pentobar-
bital, a barbiturate anesthetlc.

No fall-time (loss of righting reflex) differences were
vobserved in the pregent study. It should be noted though, that
the anesthetlc was administered at a relativeiy high concentra-
tion (1.5%), which resulted in short fall-times (X - 1.45 min.),
and that no brain anesthetic levels were taken at thls time. A
test comparing fall-time and anesthetic levels, by introducing
the anesthetic at lower concentrations, seemsa important for
future study. .

Also indicated, is a study comparing C57BL and BALB/C's
respiration and heart rates during anesthesia.

Continued study should include work with membrane com-
position. An initial step in thils direction would be a study
comparing C57BL and BALB/C's brain 11p16 and protein make-up.

Future research should also include an experiment of brain
binding capacity. Such an experiment could by devised by: homo-
genlzing brains from each strain in a dlalysls bag, sublect the
brains to equal amounts of methoxyflurane, and placing the bags
in a water bath. Comparisons could then be made of the quantity
of methoxyflurane still bound in the brain, for each straln, for
different lengths of time.

It 18 intended that these suggested experiments will give

some insight as to the reasons for the results seen in the
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present study. It 1s acknowledged though, that critical dif-
ferences in nerve cell membrane structures, may be so subtle,
that present technology 1s not available to measure significant

differences in either brain anesthetic level, or membrane composi-

tion.



CHAPTER VI
SUMMARY AND CONCLUSION

Two groups consisting of 21 each, C57BL and BALB/C
strains of mice, were anesthesized with methoxyflurane and oxy-
gen. Two evaluations of sleep-time (pain-pressure and righting
reflex) were compared with brain and blood anesthetic levels.
The anesthetlc levels were agsayed on a gas chromatograph and
were extracted at the beginning and the end of righting reflex
recovery.

The results of this study can be gummarized as follows:

1. Both strains of mice lost consciousness (fall-time) at the
same time (experiment I1II).

2. No differences occured in blood and brain anesthetic con-
centrations, between strains, when measurements were
made at the greatest depth of anesthesia achieved (ex-
péeriment III?.

3. C57BL mice slept longer than BALB/C mice, when either pain
pressure, or righting reflex evaluations of recovery
were used (experiment I and II).

L. Pain-pressure appears to be more sensitive than righting
reflex)in evaluations of anesthetic recovery (experi-
ment I).

5. Both strains of mice awakened with equal blood and braln
anesthetic concentrations (experiment I).

The findings in this study support that genotype 18 an
important determinant of regponse to C.N.S. depressants in mice.
C57BL and BALB/C strains have demonstrated different sensiti-

vities to the volatile anesthetic, methoxyflurane. These

47



L8

contrasting sensitivities may be due to differences in

"methoxyflurane-membrane" affinities between the two strain.
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Figure V

Chromatogrem representing brain anesthetic extractions of
experiments I and III. Note the uniformity in the di-ethyl
ether (E)/ methoxyflurene (M) ratio between the injections

of each strain. G.C. settings: column temperature 100° C.,
nitrogen flow setting 1.0, range 10, attenuation 16, paper

speed 0.5 inch per minute. Sample size 0.5 microliter (approx.).
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Materials:
This study utilized the following materials:

42 male mice (10-13-week-old, 22-30 grams)
21 C57BL
21 BALB/C

Methoxyflurane (375 ml.)

Oxygen (8 E-tanks)

Eight 3-milliliter glass vials

Four l-milliliter glass vials

One Erlenmeyer flask - 250 ml. (holding tank)

Three Erlenmeyer flasgks - 500 ml.

Bell jJar - 10.4 liters

2' x 2' by 3/4" plywood (base)

Three no:. 7 & one no. 5 rubber stoppers

Seven glass tubes - 6" each

Plastic tubing 12!

Heparized capillary tubes (150)

Seal-ease clay sealer - 1 tray

Aluminum foll - 2 s8q. feet

Four G.C. septums

Glass beads

Extraction solution:
Toluene - 200 ml.
Di-ethyl ether - 1.6 microliter (ul.)
Calibrating solution:
Brain (Exp. I & III)
Extracting solution - 25 ml.
Methoxyflurane - 1.75 ul., or 2.45 mg. (10 mg. percent)
Blood (Exp. I)
Distilled water 10ml., methoxyflurane 2.8 ul. (40 mg. %)
Distilled water 10ml., methoxyflurane 1.4 ul. (20 mg. %)
Blood (Exp. III) ‘
Extracting solution - 25 ml.
Methoxyflurane - 1.75 ul. or 2.45 mg. (10 mg. %)

This study utiligzed the following equipment:

Oxygen liter-flow gas regulator

Vaporizer, Pentec I (1.5 % maximum output)
Disectlion kit

Centrifuge (3000 r.p.m.)

Vortex mixer

Mechanical mixer

One l-microliter glass syringe (Hamilton Company)
Gas Chromatograph (Hewlett-Packard Series 57508{
Gas Chromatograph columns (LABCO INC., Connecticut)
Electric timer

Micro-capillary centrifuge (I.E.C. model MB)
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