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ABSTRACT

The interaction of three volatile general anaesthetics (halothane, enflurane and methoxyflur-
ane) with erythrocyte membranes at concentrations causing protection of intact erythrocytes
against hypotonic lysis was investigated in the hope of deriving fundamental information
regarding the membrane perturbational characteristics of these substances as compared with
those of local anaesthetics studied previously. The volatile agents increased the susceptibility
of membrane proteins and, to a somewhat lesser extent, of phospholipids to trinitrophenyla-
tion by picryl chloride or trinitrobenzenesulfonic acid but decreased the accessibility of
membrane protein sulthydryl groups to modification by 5,5'-dithto-bis-(2-nitrobenzoic acid).
These observations stood in marked contrast to our previous findings with local anaesthetics,
in that these substances, when compared to general anaesthetics at concentrations producing
equivalent erythrocyte stabilization, caused a greater enhancement of trinitrophenylation,
largely restricted to the phospholipid component and an increased exposure of membrane
sulfhydryl groups. Further evidence for alterations in membrane proteins produced by
concentrations of volatile anaesthetics relevant to surgical anaesthesia was obtained from the
observation that all three agents produced significant decreases in the activation energy of
membrane-bound p-nitrophenylphosphatases. Preliminary experiments with brain synaptic
membranes suggested that the structural and functional consequences of membrane-
anaesthetic interaction in erythrocytes are relevant to the situation in excitable tissues. Our
results indicate, therefore, that general and local anaesthetics cause distinctly different
alterations in the properties of model membrane systems and this may reflect corresponding
differences in the molecular mechanisms by which these groups of agents produce their

anaesthetic actions.
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ALTHOUGH A WEALTH of information concerning
the electrophysiological and membrane perturb-
ing properties of various classes of anaesthetics
has been accumulated using a wide variety of
experimental approaches, the molecular mecha-
nisms by which these substances alter the func-
tioning of excitable tissues has remained
obscure. However, a number of recent observa-
tions would seem to make earlier unitary theories
of anaesthesia based solely on critical volume
expansion of lipoidal regions of excitable mem-
branes by a chemically indifferent substance! no
longer tenable. These include pressure reversal
studies, which tend to support the view of
anaesthesia as a complex multisite phenomen-
on;? the critical dependence of the anaesthetic
properties of certain steroids on molecular struc-
ture and the antagonism of their action by non-

David V. Godin, Ph.D., Associate Professor, Giu-
seppe Del Vicario, M.D., Research Fellow, Depart-
ments of Pharmacology and Anaesthesia, Faculty of
Medicine, The University of British Columbia, 2176
Health Sciences Mall, Vancouver, B.C., Canada
V6T IWS5.

anaesthetic steroids;? and finally the observation
that (-)naloxone is able to antagonize the car-
diovascular depressant actions of halothane.* It
has long been recognized that cellular mem-
branes are likely the primary site governing the
production of anaesthesia. There has been much
discussion concerning the role of membrane
lipids in general and lipid fluidization in par-
ticular’>% and, more recently, of membrane
proteins!7# in the action of anaesthetics. De-
tailed information concerning the interaction of
anaesthetics with the structural components of
membranes should provide greater insight into
the molecular basis of anaesthesia and might
indicate the extent to which general and local
anaesthetics share common perturbational ac-
tions at the membrane level.? The fact that both
groups of agents are capable of stabilizing eryth-
rocytes against hypotonic lysis at concentrations
paralleling their nerve blocking concentrations!®
is consistent with this latter possibility and sug-
gests the erythrocyte as a valuable model mem-
brane system with which to explore anaesthetic-
membrane interaction.
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Earlier studies from our laboratory''~'* have
analyzed the membrane perturbational proper-
ties of substances with local anaesthetic activity
in terms of effects on the incorporation of group-
specific reagents into erythrocyte membrane
structural components and on the activity of
membrane-associated enzymes. These experi-
ments have provided evidence for alterations in
the configurational state both of membrane pro-
teins and of membrane phospholipids in the
presence of these cationic lipophilic substances.
In the present study the foregoing approach has
been extended to a structurally distinct class of
agent, the neutral volatile inhalational anaes-
thetics halothane, enflurane and methoxyflurane,
using both erythrocytes and synaptosomes as
models of electrically inexcitable and excitable
membranes respectively.

METHODS

Preparation of Membranes

Erythrocyte membranes were prepared from
outdated human blood (stored in citrate-
phosphate-dextrose) by stepwise hypotonic lys-
is,'* diluted to a protein concentration of
3-4 mg/ml, quick-frozen using a dry ice/acetone
mixture and stored at —20°C. Synaptosomal
membranes from guinea pig brain were isolated
by the sedimentation-flotation procedure of
Jones and Matus.'s The material harvested from
the interface of the discontinuous sucrose density
gradient was diluted to a level of 3-5mg mem-
brane protein per ml, quick-frozen and stored at
—20°C. Cytochrome ¢ oxidase measurements!¢
indicated a relatively low degree of mitochondrial
contamination in these preparations (11 = 1 per
cent).

Antihaemolysis Studies

The procedure employed was virtually identi-
cal to that described in our earlier studies'* and
involved an incubation with drug under isotonic
conditions followed by challenge with a hypo-
tonic solution containing the same concentration
of anaesthetic as was present in the preincuba-
tion. Since preliminary experiments indicated
that the antithaemolytic effects of anaesthetics
were independent of ambient temperature (in the
range 5°-37°C), all the antihaemolytic studies
were done at room temperature (21 = 2°C).
Samples were centrifuged and the extent of
haemolysis was estimated from the absorbance at
540nm. Each experiment was performed in trip-
licate on freshly obtained blood samples from at
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least two different donors. In all of our studies
involving the volatile anaesthetics care was taken
to avoid losses during the course of the experi-
ment. All containers used were kept tightly
stoppered with teflon-lined caps, stock anaes-
thetic solutions were freshly prepared for each
experiment and solutions once opened were not
reused. Using these precautions, losses of halo-
thane (the most volatile of the three agenis
employed) were found to be less than 10 per cent,
on the basis of gas chromatographic analyses
kindly done for us by Dr. Y.C. Pang, Department
of Pathology, University of British Columbia.

Labelling of Membranes swith Picryl Chloride
(PCl) or Trinitrobenzene-Sulfonic Acid
(TNBS)

Erythrocyte or synaptosomal membranes
(1.5m)) were labelled with PClI or TNBS by
incubation for one hour at 37°C in 12ml Tris
buffer (20 mM, pH 8.0) with or without volatile
anaesthetic agent and 1.0mli TNBS solution
(10mM, pH 8.0) or 0.5 ml PCl solution (10 mM, in
1:1 (v:iv) 95 per cent ethanol:water). Reactions
were performed in 14 ml total capacity glass tubes
with teflon-lined lids. The recovery, solubiliza-
tion and resolution by Sephadex G-200 chroma-
tography of the protein and phospholipid compo-
nents of labelled membranes were performed as
described in our earlier studies.'* Alterations in
membrane trinitrophenylation in the presence of
volatile anaesthetics were evaluated from
changes in the area (sum of absorbances at
335nm) of labelled protein and phospholipid
components and expressed as a percentage of
control labelling in the absence of added anaes-
thetic.

Miscellaneous Analyses

Effects of volatile anaesthetics on the accessi-
bility of membrane sulfhydryl groups to modifica-
tion by 5,5'-dithiobis-(2-nitrobenzoic acid) and
on the properties of Mg**t and K* stimulated
membrane p-nitrophenylphosphatase were mea-
sured as outlined in our previous investiga-
tions.'!

RESULTS

Antihaemolysis Studies

The three inhalational agents investigated
were all found to stabilize human erythrocytes
against hypotonic lysis. The concentration de-
pendence of antihaemolysis was virtually identi-
cal for halothane and methoxyflurane, including



GODIN & DEL VICARIO: MOLECULAR ASPECTS OF ANAESTHETIC INTERACTION

ENFLURANE »

L1-3 o //c
. .
in
>
4
O A METHOXYFLURANE
E ol HALOTHANE o
I
F
2
< R
e )
e A A A A 4\‘1 A - A A
-] 9 (-3 a o 2 9 |a -]
[oRus] (mm)
FiGure 1 Effects of halothane, enflurane and

methoxyflurane on the stability of human erythrocytes
to hypotonic lysis. [Results are expressed as per cent
antihaemolysis (i.e., the per cent decrease in control
haemolysis) produced by each concentration of anaes-
thetic. With each drug, experiments were done in
triplicate on two different blood samples.]

TABLE 1

ANTIHAEMOLYTIC PROPERTIES OF HALOTHANE,
ENFLURANE AND METHOXYFLURANE
AHgq, and AHsqq, are concentrations of anaesthetic
producing 8% and 50% antihaemolysis of human
erythrocytes respectively

Drug AHgg, (mM) AHjsgq, (mM)
Halothane 1.0 6.0
Enflurane 1.5 10.0
Methoxyflurane 1.0 6.0

the typical biphasic effect of protection at low
concentrations followed by destabilization at
higher concentrations. In contrast, enflurane did
not show any evidence of a lytic component up to
the maximally attainable concentration of ap-
proximately 20 mM (Figure 1). Anaesthetic con-
centrations found to produce 8 per cent anti-
haemolysis (AHg4,) and 50 per cent antihaemolysis
(AH;,4,), which correspond to minimum alveolar
concentrations during general anaesthesia, and
concentrations producing axonal conduction
blockaderespectively®:!®are summarizedin Table
I. The experimentally determined concentra-
tions AHg, and AH;s,q, for each anaesthetic were
employed in the remainder of our studies of the
membrane perturbational characteristics of these
agents as described below.

Chemical Labelling Studies
The structural changes resulting from the in-
teraction of volatile anaesthetics with the eryth-

203

rocyte membrane were analyzed in terms of
effects on the covalent labelling of membrane
protein and phospholipid amino groups by trini-
trophenyl moieties derived from picryl chloride
(PCl). In these experiments, membranes were
labelled with PCl in the absence or presence of
anaesthetic and the extent of trinitrophenylation
of membrane structural components was mea-
sured spectrophotometrically following their
resolution by Sephadex G-200 gel filtration (as
described in our earlier studies!'-!3 using trinitro-
benzenesulfonic acid as trinitrophenylating
reagent). Results were expressed as per cent
increase (or decrease) in protein or phospholipid
labelling in the presence of anaesthetics at con-
centrations producing 8 and S0 per cent anti-
haemolysis of intact erythrocytes and our find-
ings are summarized in Table II. At the lower
concentrations of halothane and enflurane a
slight decrease in phospholipid labelling was
apparent, while at the higher concentrations
more pronounced increases in protein labelling,
unaccompanied by further increases in phospho-
lipid labelling, were apparent with all three
anaesthetics. The labelling studies were repeated
using trinitrobenzenesulfonic acid (TNBS), an
anionic analogue of PCl, in order to compare the
results obtained with those previously reported
for propranolol'! and lidocaine,'* two typical
substances with local anaesthetic properties. All
compounds were studied at their respective con-
centrations producing 50 per cent antihaemolysis
of intact erythrocytes (i.e., AHso). The three
inhalational agents all behaved rather similarly
and produced equivalent increases in protein and
phospholipid trinitrophenylation by TNBS
(Table I1I). The local anaesthetics, on the other
hand, caused a 3-4 fold greater incorporation
into phospholipids relative to protein, although
the magnitude of the stimulated incorporation
into both structural components was far greater
for these substances than for the inhalation
anaesthetics (Table III).

The extent to which volatile anaesthetic-
induced membrane perturbations in erythrocytes
are comparable to the situation in excitable
membranes was explored using brain synapto-
somal membranes and PCI incorporation as an
index of the structural consequences of drug-
membrane interaction. The results of these
preliminary experiments (Figure 2) indicated a
qualitative similarity between the effects of
anaesthetics on the trinitrophenylation of
erythrocyte and synaptosomal membrane struc-
tural components, with stimulation of protein
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TABLE 11

EFFECTS OF VOLATILE ANAESTHETICS ON THE TRINITROPHENYLATION OF
ERYTHROCYTE MEMBRANE PROTEINS AND PHOSPHOLIPIDS BY PICRYL
CHLORIDE
Results are expressed as mean + SD percentage increase in labelling produced
by each agent at a concentration equal to its AHsqc, value

Increase in Labelling

Drug Concentration Protein Phospholipid
Halothane AHge, 214 -7% 1
AHgqn 23+ 9% -9110
Enflurane AHgo, 414 —-10% 3
AHsoo. 30 £ 3* -3+ 8
Methoxyflurane AHge, 2%6 -1x10
AHSO‘I’r 36 i 5* -1 i 5

*Significantly different from control labelling at p < 0.05 level.

TABLE I1I

EFFECTS OF VOLATILE ANAESTHETICS AND LOCAL ANAESTHETICS ON THE
TRINITROPHENYLATION OF ERYTHROCYTE MEMBRANE PROTEINS AND
PHOSPHOLIPIDS BY TRINITROBENZENESULFONIC ACID
Results are expressed as mean + SD percentage increase in labelling produced
by each agent at a concentration equal to its AHggq, value

Increase in Labelling

Drug AH;sgq (MM) Protein Phospholipid
Halothane 6 33+ 1 24+ 2
Enflurane 10 18t 5 13+ 5
Methoxyflurane 6 28+ 19 23+ 17
Propranolol 0.2 86t 3 380+ 14
Lidocaine 10 167 £ 29 466 £ 170
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FIGURE 2 Effects of halothane (HALO), enflurane
(ENF) and methoxyflurane (MEOF) at their respective
AHsgq, concentrations on the labelling by picryl
chloride of the protein and phospholipid components of
erythrocyte and synaptosomal membranes. [Results
are expressed as mean = SD percentage incorporation
relative to controls without added drug.]

labelling and predominantly inhibitory effects
on phospholipid labelling being observed in both
systems.

We have previously shown that a variety of
substances with local anaesthetic and antihaem-
olytic properties produce a concentration-
dependent increase in the number of membrane
protein sulfhydryl groups modifiable by 5.5'-
dithiobis-(2-nitrobenzoic acid) (DTNB) and
the data previously reported for propranolol'!
and lidocaine'? at concentrations producing 50
per cent antihaemolysis of red cells in vitro are
presented in Figure 3. While these two drugs
caused a significant increase in sulfhydry! group
titer, the volatile anaesthetics at concentrations
associated with general anaesthesia in vivo
(i.e., those required to produce 8 per cent anti-
haemolysis) actually caused a decrease in the
accessibility and/or reactivity of membrane pro-
tein sulfhydryls (Figure 3). Similar effects were
also noted at concentrations of inhalational
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FiIGURE 3 Effects of general anaesthetics (halo-
thane, enflurane and methoxyflurane) at their respec-
tive AHg, concentrations and the local anaesthetics
propranolol (PROP) and lidocaine (LIDO) at their
AH;q concentrations on the incorporation of 5,5'-
dithio-bis(2-nitrobenzoic acid) (DTNB) into erythro-
cyte membrane sulfhydryl groups. [Results are ex-
pressed as mean £ SD positive or negative incremental
incorporation relative to controls without added drug.].
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agents causing 50 per cent antihaemolysis of red
cells (data not shown).

Another approach to studying the molecular
consequences of anaesthetic-membrane interac-
tion explored the influence of inhalational agents
on the Mg+*-dependent, K*-stimulated p-nitro-
phenylphosphatase (NPPase) system, a ouabain-
sensitive enzyme complex whose presence in
erythrocyte and synaptosomal membranes pro-
vides another means of comparing the effects of
anaesthetics on model membrane systems de-
rived from excitable and non-excitable tissues.
Arrhenius activation energies of membrane en-
zymes are known to be critically influenced by
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FIGURE 4 Representative Arrhenius plots of log
[K*-stimulated p-nitrophenylphosphatase activity] ver-
sus reciprocal absolute temperature for erythrocyte
membranes in the absence and presence of methoxy-
flurane or halothane. [Activation energies were evalu-
ated from the slope of the regression line determined
using a Compucorp (Statistician) calculator.]

the physicochemical state of membrane struc-
tural components!?'1® and these might, there-
fore, offer a sensitive and readily quantifiable
index of the functional consequences of
anaesthetic-membrane interaction. Effects of
volatile anaesthetics on Arrhenius activation
energies of basal (Mg**-independent), Mg**-
dependent, and Mg**-dependent K*-stimulated
NPPase activities were examined and repre-
sentative Arrhenius plots for methoxyflurane
and halothane are shown in Figure 4. The data
summarized in Table IV indicate highly signifi-
cant effects of all three anaesthetics on the
NPPase system even at concentrations (AHgc,,

TABLE IV

EFFECTS OF VOLATILE ANAESTHETICS ON

THE ACTIVATION ENERGY OF BasaL, Mgt*-

STIMULATED AND Mg**, K*-STIMULATED p-NITROPHENYLPHOSPHATASES (NPPases) oF HUMAN
ERYTHROCYTE MEMBRANES
Each value represents the mean + SD of experiments using n of three different membrane
preparations

Concentration

Activation Energy (Kcal/mole)

Drug (mM) Basal Mg*t Mg** + K*
None —_ 43+0.3 5.7+04 6.3+03
(n=10)

Halothane 1.0 3.5+0.2* 4.4+ 0.1%* 491 0.1**
(n=3) 5.0 2.6 £ 0.2%* 4.4 £ 0.3** 5.0+ 0.2**
Enflurane 1.5 2.8 £ 0.9%* 4.7+ 0.4* 4.9+ 0.1**
(n=13) 7.5 3.0%0.7** 4.5 + 0.6* 5.1+ 0.4%*
Methoxyflurane 1.0 2.7+ 0.3+ 4.4+ 0.1** 4.8+ 0.2%*
(n=13) 5.0 3.0 £ 0.6%* 4.8 £ 0.5*% 481 0.1**

*Significantly different from control (without drug) at 0.001 < p < 0.01 level.
**Significantly different from control at p < 0.001 level.
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TABLEV

EFFECTS OF VOLATILE ANAESTHETICS ON THE ACTIVATION ENERGY OF BasaL, Mg*+-
STIMULATED AND Mg**, K*-STIMULATED NPPases OF BRAIN SYNAPTOSOMAL MEMBRANES
Control values are expressed as the mean + SD of experiments employing four different membrane
preparations, while the data on anaesthetic effects were obtained on a single synaptosomal
preparation

Concentration

Activation Energy (Kcal/mole)

Drug {(mM) basal Mg+t Mgt + K+
None — 1.1 £0.2 33+03 471202
Halothane 1.0 0.73 2.0 3.0
Enflurane 1.5 0.66 2.4 3.0
Methoxyflurane 1.0 0.41 2.7 32

corresponding to minimum alveolar concentra-
tions during anaesthesia) which did not detecta-
bly alter the incorporation of picryl chloride into
erythrocyte membrane structural components
(Table IT). Preliminary experiments indicate that
comparable membrane perturbational actions of
volatile anaesthetics at clinically relevant con-
centrations are also observed in the NPPase
system of brain synaptosomal membranes
(Table V).

DiscuUssSION

Although much detailed information exists
concerning the ability of anaesthetics to interact
with and perturb natural membranes or protein-
free artificial lipid bilayer systems, little is known
about the molecular basis of anaesthesia,
whether at the level of the single neurone or of the
intact animal. Model experiments using isolated
in vitro preparations are frequently hampered by
uncertainties regarding the use of anaesthetic
concentrations greatly in excess of those encoun-
tered clinically and also by the lack of informa-
tion concerning the relative involvement of pro-
tein and lipid structural components in
anaesthetic-induced membrane functional altera-
tions. In the light of these limitations, the human
erythrocyte provides a convenient model mem-
brane system for studying anaesthetics, since
concentrations producing 8 and 50 per cent
antihaemolysis correlate well with concentra-
tions required for the production of general and
local anaesthesia, respectively;!® and the mem-
brane perturbational properties of various agents
may be analyzed, at concentrations producing an
equivalent degree of erythroycte stabilization, in
terms of their effects on the incorporation of

group-specific chemical probes into membrane
proteins and phospholipids.'!-!3

Although local and general anaesthetics un-
doubtedly differ in their sites of pharmacological
action in vivo, both groups of agents ultimately
act to stabilize membrane potential and prevent
the increase in sodium conductance governing
the rising phase of the action potential. It has,
therefore, been suggested that local and general
anaesthetics may share a common molecular
mode of action at the membrane level.?-'%'®
Consistent with this possibility is the demonstra-
tion that elevated ambient pressures (of the order
of 100 atmospheres) are able effectively to
antagonize the effects of both classes of agents on
the neuronal compound action potential.?® Fur-
ther, spin label experiments have shown that
halothane and lidocaine exert comparable bi-
phasic effects on the fluidity of synaptic mem-
branes, with increased ordering being apparent at
low concentrations of anaesthetic and overall
fluidization predominating at higher concentra-
tions.2! On the other hand, it has been shown that
the blockade of frog sciatic nerve preparations by
halothane is enhanced by increasing calcium
concentration or replacement of H,O by D,0,
while blockade by procaine is antagonized by
calcium and unaffected by D,0.2? These latter
observations are in accord with the resuits of Lhe
present investigation and suggest that the mem-
brane perturbational characteristics of local and
general anaesthetics are not equivalent.

The interaction of inhalational anaesthetics
with human erythrocyte membranes at concen-
trations of anaesthetic producing 50 per cent
antihaemolysis of erythrocytes in vitro (AHsye,)
caused an increase in the incorporation of picryl
chloride (PCD into membrane protein compo-
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nents with marginal effects on membrane phos-
pholipid labelling (Table II). The non-polar
characteristics, both of the PCl molecule and of
the anaesthetics, suggest that the protein pertur-
bations in question may be occurring in the
internal hydrophobic core of the membrane,
possibly as the result of direct anaesthetic-
protein interactions. Parallel experiments using
trinitrobenzenesulfonic acid (TNBS), a highly-
charged analogue of PCI, indicate that more
superficially located membrane sites are also
modified in the presence of anaesthetics, butina
less selective manner, with equivalent changes in
protein and phospholipid moieties (Table III).
Two substances with local anaesthetic activity,
namely propranolol and lidocaine, when exam-
ined under the same conditions (i.e., at their
respective AH;q, values and, hence, at equiva-
lent concentration in the membrane), exhibited
considerably greater increases in protein and
particularly phospholipid labelling by TNBS
(Table III). The constant ratio of phospholipid to
protein, which characterizes the increased TNBS
labelling in the presence of general anaesthetics,
suggests that these molecules share common
membrane perturbational actions. In contrast,
substances possessing local anaesthetic proper-
ties exhibit considerable differences in their rela-
tive abilities to influence TNBS incorporation
into protein or phospholipid components of mem-
branes (Table 11I).

Further evidence for the distinction between
the membrane actions of local and general anaes-
thetics was obtained in experiments using 5,5'-
dithio-bis-(2-nitrobenzoic acid) (DTNB) to de-
tect changes in the configurational state of mem-
brane protein sulfhydryl groups. The work of
Borochov et al.?* has shown that alterations in
erythrocyte membrane fluidity (resulting from
experimentally-induced elevation of the choles-
terol to phospholipid ratio) are associated with
changes in the susceptibility of membrane sulfhy-
dryls to chemical modification. Earlier studies
from our own laboratory (see results with pro-
pranolol and lidocaine in Figure 3 and Reference
13) had also shown that local anaesthetics cause a
progressive increase in the modification of eryth-
rocyte membrane sulfhydryls by DTNB. Since
local and general anaesthetics are both known to
induce fluidization of membrane lipids,' the
finding that all three inhalational agents at surgi-
cal concentrations {(AHgq,, Figure 3) or greater
(AH;syq,, data not shown) produced a decrease in
DTNB-accessible sulfhydryl groups was some-
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what unexpected. While these results might indi-
cate that the nature and consequences of mem-
brane fluidization induced by general and local
anaesthetics are quite different, a more likely
explanation is that the observed effects may
result from direct interaction of anaesthetics with
membrane proteins. The influence of the volatile
anaesthetics on the activation energies of ery-
throcyte membrane p-nitrophenylphosphatase
(NPPase) activities (Figure 4) provided further
evidence for the involvement of membrane pro-
teins in the membrane perturbational actions of
general anaesthetics at clinically relevant con-
centrations (Table 1V). Anaesthetics also pro-
duced a modest, but consistent, decrease in
enzyme activity which became more pronounced
with increasing temperature (see Figure 4). A
similar temperature-dependence has recently
been noted for the inhibition by halothane of
calcium transport activity in skeletal muscle
fragmented sarcoplasmic reticulum.?* Since the
antihaemolytic properties of inhalational anaes-
thetics were essentially independent of tempera-
ture in the range of 5° to 37° C (data not shown), it
seems likely that an effect of temperature on the
configurational state of the membrane proteins in
question rather than on anaesthetic-membrane
interaction per se is involved. Our preliminary
experiments using brain synaptosomal mem-
branes as a model excitable membrane system
indicate that the structural (Figure 2) and func-
tional (Table V) consequences of general anaes-
thetic-membrane interaction in this preparation
are qualitatively quite similar to the situation in
erythrocytes (Figure 2, Table IV).

We have shown, therefore, that inhalational
general anaesthetics differ markedly from local
anaesthetics in their erythrocyte membrane per-
turbational characteristics when both are com-
pared at concentrations producing equivalent
stabilization of human erythrocytes against hyp-
otonic lysis (i.e., AHso). Under these condi-
tions, local anaesthetics exert a major effect on
the configurational state of membrane phospho-
lipids, with a lesser action on membrane proteins
while general anaesthetics perturb both these
membrane structural components to a much
lesser degree and both to approximately the same
extent. At lower concentrations, however, gen-
eral anaesthetics appear preferentially to alter
membrane protein components. Much recent
speculation has focussed on the possible role of
proteins in mediating the membrane actions of
general anaesthetics, based largely on the obser-
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vation that natural membranes are more suscep-
tible to the modifying influence of anaesthetics
than artificial bilayer systems.”25~27 Qur obser-
vations at clinically relevant concentrations of
general anaesthetics (i.e., AHge,) offer support
for this hypothesis and underline the striking
differences in the molecular characteristics of
general and local anaesthetic action at the mem-
brane level. These differences, which are re-
vealed at concentrations required to produce
their respective pharmacological effects, suggest
that a diversity exists in the molecular basis of
anaesthesia produced by these two classes of
pharmacological agent.
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GODIN & DEL VICARIO: MOLECULAR ASPECTS OF ANAESTHETIC INTERACTION

RESUME

L’interaction de trois anesthésiques volatils (halothane, enflurane et méthoxyflurane)
avec la membrane érythrocytaire utilisés & des concentrations qui protegent les
érythrocytes intacts contre la lyse hypotonique a été étudiée avec I'espoir d’obtenir des
renseignements fondamentaux sur les perturbations caractéristiques que causent ces
substances lorsqu'on les compare aux anesthésiques locaux. Les agents anesthésiques
volatils ont augmenté la susceptibilité des protéines de la membrane et, a un degré
moindre, des phospholipides a la trinitrophénylation par le chlorure de picryl ou I'acide
trinitrobenzénesulfonique mais a diminué ['accessibilité des groupes protéiques sulfhydryl
de la membrane a la modification apportée par I'acide 5,5’-dithio-bis-(2-nitrebonzoique).
Ces observations contrastaient fortement avec nos données précédentes concernant les
anesthésiques locaux par le fait que lorsque ces substances étaient comparées aux
anesthésiques généraux & des concentrations qui produisaient une stabilisation érythro-
cytaire équivalente, elles causaient une augmentation plus marquée de la trinitrophényla-
tion, intéressant plus spécialement le composé phospholipidique et une augmentation de
I'exposition du groupe sulfhydryl de la membrane. Une évidence additionnelle démon-
trant les altérations des protéines de la membrane produites par des concentrations
d’anesthésiques volatils identiques a celles que 1'on emploie en anesthésie chirurgicale fut
obtenue lorsqu'on a observé que les trois agents produisaient une baisse significative de
I’activation de I'énergie des p-nitrophénylphosphatases liées a la membrane. Une étude
préliminaire faite avec des membranes post-synaptiques du cerveau porte a croire que les
conséquences structurelles et fonctionnelles de I'interaction anesthésique sur la mem-
brane érythrocytaire peuvent étre identiques a celles qui surviennent dans les tissus
excitables. Nos données indiquent donc que les agents anesthésiques locaux et généraux
causent des altérations distinctes sur les propriétés des membranes et que ceci peut se
réfléter par des différences correspondantes sur les mécanismes moléculaires d’'action
des différents groupes d’agents anesthésiques.

209



