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SUMMARY

SIMoN, S. A., T. J. MCINTOSH, P. B. BENNErr, AND B. B. SHRIVASTAV: Interaction
of halothane with lipid bilayers. Mol. Pharmacol. 16, 163-170 (1979).

The bilayem-saline partition coefficient of halothane (2-bnomo-2-chlomo- 1,1, 1-trifluoro-
ethane) was directly measured as a function of temperature in phospholipids of various

hydrocarbon chain lengths and degrees of saturation, both with and without cholesterol.

The major conclusions of this research can be summarized as follows: 1) The bilayer-
saline partition coefficient as a function of temperature is similar for the lipids dilauryl-
phosphatidylcholine, dioleoylphosphatidylcholine and egg phosphatidyicholine over a

temperature range from 10 to 60#{176},where each lipid is in the liquid-crystalline state. Over
this range the partition coefficient versus temperature curve exhibits a change from
positive to negative slope for all three lipids. 2) The bilayer-saline partition coefficient

increased with increasing temperature by a factor of 4 at the phase transition (40#{176})of
dipalmitoylphosphatidylcholine. At this temperature, the partition coefficients of all four
lipids mentioned were similar. 3) The addition of cholesterol to egg phosphatidylcholine

reduces the partition coefficient by a factor of 2 at a 2:1 mole ratio and 2.7 at a 1:1 mole
ratio at 25#{176}.In these bilayers the partition coefficient was independent of temperature. 4)
From (3) and other data we suggest that the reduced partial pressure necessary to

produce anesthesia at lower temperatures for halothane is not due to an increase in the
bilayer-saline partition coefficient.

INTRODUCTION

The membrane-saline partition coeffi-
cient is an important parameter to know in
order to differentiate the mechanisms of
general anesthesia. As all mammalian
membranes contain a variety of phospho-
lipids with varying amounts of cholesterol
(1), we thought it was important to measure
directly the partition coefficient of the an-
esthetic gas halothane in a variety of phos-
pholipid and phospholipid-cholesterol bi-

This work is supported by grants HL112157, 9 P01

GM 23911 and by ONR Contract N00014-A-0251-0022

with funds provided by the Naval Bureau of Medicine

and Surgery.

layers. Halothane was of particular interest

since there has been controversy in the
literature regarding the value of the halo-
thane partition coefficient, as has been me-
cently pointed out by Mastrangelo et al.
(2).

It is well known that the gas pressure
necessary to cause anesthesia depends on
temperature (3) . Therefore, we have also
examined the temperature dependence of

the partition coefficient of halothane into
lipid bilayers to see if this effect could be

explained in terms of a change in solubiity
of the gas in the membrane. In this context,
it is of interest to investigate if Oventon’s
Rule applies at all temperatures.
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MATERIALS AND METHODS

The lipids used in these experiments
were DPL1 (Sigma Chemical Co.), DOL

(Supelco, Inc.), DLL (Supelco, Inc.), EPC
(Nuthill), and cholesterol (Supelco). Olive
oil was purchased from Sigma. All lipids
were used without further purification. Hal-

othane- 1- ‘4C (1,1,1-tnifluoro-2-bromo-2-
chioroethane-1-’4C) was purchased from
New England Nuclear (Lot No. 1033-029);
as purchased its specific activity was 2.6

mCi/mmole. Its purity as given by New
England Nuclear was 99%. It was not
checked further. However, it is noteworthy
that the value of the partition coefficient
was independent of the age of the sample

over a period of six months. It was subse-
quently diluted with twice distilled Flu-
othane (Ayenst) to remove the 0.01% thy-
mol and to obtain a specific activity more
amenable to our experimental conditions.
The water was twice distilled in an all

quartz still and the sodium chloride used
was washed with chloroform to remove
nonpolar impurities.

The procedures for measuring the parti-
tion coefficients are described elsewhere
(4). Basically, a sample of radioactive hal-

othane is injected into a closed chamber
that is connected through a gas phase with
four other chambers. Two of the chambers
contain vortexed lipid-dispersions at a con-

centration of 10 mg/mi. The other two
chambers contain 0.1 M NaC1, which is
hereafter referred to as the saline phase.
The temperature of this apparatus was con-
trolled by a regulated water jacket. The
temperature could be measured to a preci-
sion of ±0.2#{176}.After injection of a fixed
amount of halothane in the gas phase, it
was necessary to wait one hour to obtain
equilibrium conditions. This was ascer-
tamed by measuring the counts in each
phase as a function of time. Once equilib-
rium was obtained, the temperature was

either increased when the experiment com-
menced at low temperatures or decreased
when the experiment was commenced at

high temperatures. Experimentally similar

� The abbreviations used are: DPL, dipalmitoyl-

phosphatidylcholine; DOL, dioleoylphosphatidylcho-

line; DLL, dilaurylphosphatidyicholine; EPC, egg

phosphatidylcholine.

results were obtained under these condi-

tions.
The units used in this paper are unitary

(5) or mole fraction units unless otherwise
stated. This means that the membrane-sa-
line partition coefficient, K, is defined as
follows:

K- � � n
- N1 + n/ N2 + n

where n = moles of halothane
N1 = moles of solvent
N2 moles of water

The partial molal energy of transfer is ob-

tained from the equation:

�#{176} =-RT1nK

The partial molal entropy, t�$, and en-
thalpy, i�H, of transfer are obtained from
equation (1) via:

�08(L�G#{176}/T)#{228}(RlnK)

t3(1/T) d(1/T)

#{163}�#{176}= i�H#{176}-

T

RESULTS

The partition coefficient of halothane
was first measured as a function of concen-

tration of halothane in the aqueous phase,
in egg lecithin biayers at 25#{176}.We found
that the partition coefficient was independ-

ent of aqueous concentrations of halothane
from 1.1 jiM to 940 jiM. The value of the
partition coefficient is 4.08 ± 0.23 x i03
over this concentration range. This latter
concentration corresponds to about a 1.3%
partial pressure of halothane (2) in the gas-
eous phase, which is considerably greater
than the pressure necessary to abolish the
righting reflex in mice (0.77%) (6) on to
depress synaptic conduction in the dentate

gyms (0.3-0.4%) (7). Once the fact that the
partition coefficient is independent of pres-

sure had been established, we commenced

to measure the partition coefficient using
very dilute concentrations in the aqueous

phase (usually about 5 jiM). This was done
so that we could use the “law of ideality of
dilute solutions” (8) and assume that the
activity coefficient is unity (5). Regardless
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of the value of the activity coefficient, the
fact that the partition coefficient is inde-

pendent of the aqueous concentration
(hence partial pressure) means that we are
operating in the Henrys’ Law region Hence
the unitary free energy of transfer #{176}of
halothane from water into EPC at 25#{176}is

-4.92 kcal/mole. Since the other phospho-
lipids exhibited similar behavior in regard
to their partition coefficients we assume

that their partition coefficients are also in-

dependent of the partial pressure over the
stated mange.

Figure 1 shows the temperature depend-
ence of the partition coefficient of halo-

thane from water to bilayers of DLL (#{149})
and EPC (x) over the temperature range
10-60#{176}for the former and 20-55#{176} for the

latter. The partition coefficient of halo-
thane into DOL is experimentally indistin-
guishable from that of DLL over the tem-
perature mange 20-55#{176}. It is omitted from

the figure for purposes of clarity. It is seen
from Fig. 1 that the partition coefficient
undergoes a change of slope over the stated
temperature mange. This behavior is rather

typical of hydrophobic interactions (5, 9).
The position of the maximum occurs where

th�. partial molal enthalpy of transfer,
AH#{176},is zero (9). Due to the resolution of

these measurements we are not able to
ascertain precisely where this maximum is.

Table 1 lists the thermodynamic transfer
parameters of halothane into these disper-
sions at 25#{176}and 37#{176}.

Figure 2 shows how the halothane parti-

tion coefficient varies with increasing tem-
perature in a bilayem comprised of DPL
(#{149}).The abrupt break in the curve is indic-
ative of the well characterized phase tran-
sition of DPL at 41#{176}(11). There is a de-
pression of the transition temperature due
to the incorporation of halothane into the
dispersion (12). We minimized this effect
by keeping the concentration in the

aqueous phase low (-.-500 jiM). At this
aqueous concentration of halothane the de-
pression of the transition temperature

would be about 3#{176}(12). In Fig. 2 it is seen
that the partition coefficient decreased by
a factor of four from above to below the
transition.

Below the phase transition the partition

FIG. 1. The bilayer-saline (0.1 M NaCl) partition

coefficient of halothane as a function of temperature

for dilauryiphosphatidyicholine (#{149})and egg phos-

phatidyicholine (x)

Not shown in this figure is the partition coefficient

for dioleoylphosphatidylcholine which is experimen-

tally indistinguishable from dilaurylphosphatidylcho-

line. Error bars (representing the standard deviation)

are only shown in one direction for clarity. The egg

phosphatidylcholine data represent the average of

eight experiments whereas the others were for four

experiments. The curves are hand drawn.

coefficient is virtually independent of tern-
perature, whereas above the transition it
decreases with temperature. It is notewor-
thy that at 40#{176}(where each of the lipids is
in the liquid-crystalline state) the partition

coefficient is about the same in all four
lipids tested. This implies that the region

of the bilayen where the halothane psi-ti-
tions is similar for all of these lipids. Also
shown in Fig. 2, for comparative purposes,
is the value of the partition coefficient (x)

of halothane obtained by Hill (12) by mea-
suring the freezing point depression of DPL
caused by halothane. It is obvious that the
freezing point depression method gives
comparable results to the directly measured
values.

Figure 3 shows the effect of increasing

the cholesterol concentrations in EPC-cho-
lesterol dispersions. It is clear from this
figure that cholesterol decreases the panti-

tion coefficient in a manner that is depend-
ent on its concentration in the bilayem (Fig.
4). This behavior has been demonstrated in
other systems using other molecules as
probes (1, 4, 13). One striking difference

between the curves in Figs. 1 and 3 is the
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TABLE 1

Thermodynamic transfer parameter s of halothane from saline into li jid bilayers in u nitary units

Lipid Temperature ��G#{176}#{176} �JI� �5od

kcal/mole kcal/mole cal/mole/deg

Egg phosphatidylcholine 25 4.92 ± 0.03 1.0 ± 0.4 19.9

37 5.12 ± 0.03 0.0 ± 0.5 16.5

Dilaurylphosphatidylcholine 25 4.91 ± 0.03 1.2 ± 0.5 20.5

37 5.12 ± 0.03 0.0 ± 0.5 16.5

Dioleoylphosphatidylcholine 25 4.92 ± 0.04 0.8 ± 0.4 19.2

37 5.14 ± 0.05 0.0 ± 0.5 16.6

Dipalrnitoylphosphatidylcholine 25 4.12 + 0.08 0.0 ± 0.2 13.8

Egg phosphatidylcholine-cholesterol (2:1)

40

25

-0.03

5.16 ± 0.03

4.52 ± 0.04

-0.5 ± 0.4

0.0 ± 0.3

14.9

15.2

37 4.71 + 0.04

-0.06 0.0 ± 0.3 15.2

Egg phosphatidylcholine-cholesterol (1:1) 25 4.33 + 0.10

37

-0.08

4.50 + 0.08

-0.09

0.0 ± 0.3

0.0 ± 0.3

14.5

14.5

Octanol 25 442b

Olive oil 24 5.29 ± 0.21c

a Calculated from the mean value in Figs. 1 and 2.

b From reference 10 taking the volume of octanol to be 157 cm’3/mol.

C Assuming the molar volume to be 980 cm3/mol (25).
d The digit after the decimal point is not significant and is included to make Eq. (2) consistent.

0 tO 20 30 40 50 60

Temperature #{176}C

FIG. 2. The bilayer-saline (0.1 M NaC1) partition

coefficient of halothane into dipalmitoylphosphati-

dyicholine (A) as a function of temperature

The data were obtained from four experiments.

Also shown for comparative reasons are the data ob-

tained by Hill (12) from measuring the freezing point

depression of dipalmitoylphosphatidylcholine pro-

duced by halothane (x).

noticeable lack of curvature in the partition
coefficient versus temperature curves for
the cholesterol-containing bilayers. From

4.0

3�0

2.0 Mastrongelo -� � � � � � � 2 I
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00 , � . . .
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FIG. 3. The bilayer-saline (0.1 M NaCl) partition

coefficient for halothane in egg phosphatidylcholine-

cholesterol (2:1, (#{149}))and egg phosphatidylcholine-

cholesterol (1 : 1, (x)) as a function of temperature

The results are the average of four experiments

each. Also shown is the partition coefficient of halo-

thane obtained by Mastrangelo et al. (2) (A) for an

egg phosphatidylcholine-cholesterol (2:1) bilayer at

20#{176}.

Eq. (2) it is clear that the partial molal
enthalpy of transfer is experimentally zero
over the entire temperature range.

The partition coefficient of halothane has
also been measured in the isotropic liquid
olive oil. The free energy of transfer was
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FIG. 4. A plot of the bilayer-saline (0.1 M NaC1)

partition coefficient of halothane into egg phospha-

tidylcholine bilayers as a function ofcholesterol con-

centration at 25#{176}(#{149})
These data were obtained from the data in Fig. 3.

The symbols designated by (x) denote the partition

coefficient recalculated assuming that the halothane

does not partition into the cholesterol in the bilayer.

To obtain these numbers, we experimented under

conditions where n << N,. Then we assumed that the

partition coefficient into cholesterol molecules was

zero and that halothane only partitioned into EPC.

The partition coefficient was then recalculated under

these conditions using as N1 the number of moles of

solvent that halothane partitions into, that is, the

number of EPC molecules. The differences between

the recalculated partition coefficients (x) and the zero

mole percent cholesterol point reflect the modification

of EPC by cholesterol.

found to be -5.29 ± 0.21 kcal/mole. (Table

1) which is in agreement with previously
published data (14).

DISCUSSION

In this paper we have measured the par-
tition coefficient of the anesthetic gas, hal-
othane (2-bromo-2 chloro- 1 , 1, 1 trifluomo-
ethane), into a variety oflipid bilayers, both
with and without cholesterol, as well as in
the isotropic liquid olive oil. Our conclu-
sions may be summarized as follows:

1) The partition coefficient is independ-

ent of the chain length of the lipid from
C12-C18 (DLL-DOL). EPC has a large vari-
ation in chain lengths. In this vein the

partition coefficient is experimentally in-
sensitive to the presence of double bonds in
the hydrophobic region as DOL has two
double bonds per molecule whereas DLL
has none. The partition coefficient of halo-

thane into DLL, DPL, EPC, and DOL are

similar at comparable temperatures when
all the lipids are in their liquid-crystalline
state.

2) In lipid bilayers without cholesterol
which do not undergo a phase transition in
this temperature mange (DLL, DOL, EPC)

the partition coefficient versus temperature
curves exhibit a change in curvature over

the temperature mange investigated.
3) The partition coefficient increases by

a factor of four when DPL goes through its
phase transition temperature.

4) Cholesterol decreases the partition
coefficient of halothane by a factor of 2 into

a 2:1 (EPC-cholesterol) and 2.7 into a 1:1
mole ratio dispersion at 25#{176}.Our results at
2: 1 EPC-cholestemol are comparable to

those obtained by Mastrangelo et al. (2)
who measured the partition coefficient into

dispersions at much higher lipid concentra-
tions.

5) With cholesterol in EPC, the halo-
thane partition coefficient is virtually tem-
perature independent.

As these measurements represent them-
modynamic quantities that measure the
work done in transferring halothane from

an aqueous phase to bilayers, they are nat-
urally incapable of answering questions as
to where the halothane is located and how

these molecules may cause synaptic and
axonal blockade. However, with other
preexisting data some light may be shed on
these questions.

From partition coefficient, nuclear mag-
netic resonance (15), and electron spin res-
onance measurements (16), it is thought

that halothane is located in the hydropho-
bic region for cholesterol-free lipid bilayers
above their transition temperature. For
pure DPL bilayers below the transition we
found a significant decrease in the free en-

ergy and entropy of transfer and an increase
(becomes less positive) in the enthalpy of

transfer (Table 1) as compared to those
parameters above the transition tempera-
ture. The reduction in i�.S #{176}in the gel state
is due to the tighter packing of the acyl
chains which will restrict the movement of

halothane.
The reduction in the partition coefficient

of halothane that is observed when choles-
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terol is incorporated into egg phosphatidyl-

choline bilayens results primarily from a
significant decrease in the partial molal en-
tropy of transfer (at 25#{176}),(Table 1), as the

reduction in the partial molal enthalpy of
transfer (less positive) would favor an in-
creased partition coefficient. This reduction
in entropy of transfer cannot simply be
explained as a decrease in the volume avail-
able for partition, since we have previously

seen the partition coefficient of halothane
into cholesterol-free bilayers is practically
insensitive to the length of the acyl chain.

This phenomenon was also found in other
bilayer systems (17, 18). The reduction in
the entropy of transfer caused by choles-
terol is most likely due to two effects: first,
the well known “ordering effect” that cho-
lesterol has on phospholipids above their
phase transition temperature (1), and sec-
ond, the fact that halothane appears to
have a much lower partition coefficient into
cholesterol than into phospholipid. Consid-
ening the first effect, it is known from spec-
troscopic techniques (19) that upon the ad-
dition of cholesterol the flexibility of the

acyl chains in contact with the steroid nu-
cleus decreases. In fact, the order parame-
ters of the methylene groups in contact
with the steroid nucleus are not very differ-

ent than those for DPL below the phase
transition temperature. X-ray diffraction
(20, 21) studies show that a large portion of
the methylene groups of the phospholipids
of the bilayer are in contact with the steroid
nuclei. Thus, should halothane partition
into this region of the bilayer it would be
expected to have a smaller entropy of trans-
fer. We note that Koehler et al. (15) have
indicated that halothane, at least below the
phase transition temperature, is located
near the interfacial region of the bilayer,
where the cholesterol steroid nucleus is lo-
cated when cholesterol is added to bilayers
(20, 21). Consistent with the notion that the

ordering effect of cholesterol on the phos-
pholipid chains causes the decrease in en-
tropy of transfer, is the observation that
the entropy of transfer is lower for DPL
below its transition than above (Table 1).
Note that for both DPL in the gel state and
EPC:cholesterol bilayers the enthalpy of
transfer is zero. The second consideration

in the reduction of the partition coefficient

caused by cholesterol is that the partition
coefficient of halothane into cholesterol is
smaller than it is into phospholipid. That

halothane has a lower partition in choles-
temol than EPC is indicated by the fact that
the curve of Fig. 4 extrapolates approxi-

mately to zero partition coefficient at 100%
cholesterol. We note that Miller and Yu
(13) obtained a similar dependence for the

partition coefficient of pentobarbitone into
phosphatidylcholine bilayers containing
various amounts of cholesterol. Thus, the
higher the molar ratio of cholesterol in the

bilayer, the lower the partition coefficient
of halothane into the bilayer. To get some
idea of the relative magnitude of these two
effects, we have made calculations correct-

ing for the number of “zero partition coef-
ficient” cholesterol molecules in the bilayer.
This was done by simply assuming that all
the halothane partitions into the EPC and
none into the cholesterol and therefore as-

suming the bilayer to be comprised entirely
of EPC molecules (see Fig. 4). It was found

that the partition coefficient for 2: 1 EPC:
cholesterol bilayers is lower by about 25%
than expected for bilayers composed of un-

perturbed EPC molecules (Fig. 4). This cal-
culation was done assuming a zero partition
coefficient for halothane into cholesterol.
We note an assumption of a larger partition
coefficient would result in an even larger
difference than 25%. Although there are
many assumptions involved in this calcu-
lation, it does show that the entire reduc-
tion in partition coefficient is not caused by
the small partition coefficient of the choles-
terol molecule itself. Therefore, the “order-
ing effect” of cholesterol on the phospholip-
ids must play a major mole in reducing the
partition coefficient of halothane into EPC:
cholesterol bilayers, at least at 2: 1 molar
ratios. As more cholesterol is added, the
second effect of cholesterol having a lower
partition coefficient than EPC becomes
more important. This can be seen in Fig. 4
for the case of 1:1 molar ratio EPC:choles-
terol. Thus, the reduction in both the en-
tropy of transfer and partition coefficient of
halothane into bilayers caused by choles-
terol can be explained in terms of the or-
dering effect of cholesterol on phospholip-
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ids and the reduced partition coefficient of

the cholesterol molecule itself. However,

the reduction in enthalpy of transfer caused
by cholesterol is not understood at present.

At higher temperatures, the thermody-

namic transfer parameters in cholesterol-
free and cholesterol-containing bilayers can

be explained entirely in entropic terms (Ta-
ble 1). This implies, on the average, that a
halothane molecule in a cholesterol-con-
taining bilayer is somewhat more restricted
in its motion than it is in a cholesterol-free

bilayer. This, of course, is just one possible
interpretation. It is well known that partial

molal quantities reflect the system behavior

and not simply the probe, which in this case
is halothane.

Thus, the amount of cholesterol in the

bilayer significantly moderates the parti-
tion coefficient. This observation was also
found by others (4, 13). As the cholesterol

content of nerve membranes, myelin, and
some red blood cells all differ (1), one does
not expect them to have the same concen-

tration of anesthetic molecules at a given
partial pressure of halothane. This may be
one reason why some cells are more sensi-
tive to anesthetics than others.

The effect of temperature on anesthetic

potency has been examined in many sys-
tems (3). It is found that the lower the
temperature of the given preparation, the
lower the partial pressure of gas that is

necessary to produce general anesthesia.

One possible explanation of this phenome-
non would be to assume that the membrane
water partition coefficient increases as the

temperature decreases over a wide temper-
ature mange. Such an effect has indeed been
observed for n-hexane (4). However, for

halothane in the physiological ranges of
temperature (37#{176}and below) the partition
coefficient either decreases with decreasing
temperature (Fig. 1) or remains unchanged
for bilayens of EPC containing 2:1 or 1:1
mole ratios of cholesterol (Fig. 3). Thus the
effects of temperature on anesthetic po-
tency for halothane cannot easily be ex-
planed by an increase in solubiity of the

anesthetic in the lipid components of a
membrane. It is known that temperature,
by itself, has profound physiological and
anesthetic effects as many of the processes

involved in excitable membranes exhibit
very large Qio’s (22, 23). Thus the effects of

temperature on anesthetic potency are
more likely to involve a protein or lipo-
protein component of the membrane than

the lipid region (14, 24).
The free energy of transfer of halothane

into the isotropic liquid, olive oil, is greater
than it is in the lipid bilayens and is consid-
erably higher than it is in octanol (Table 1).

However, these differences can be made
more transparent if we compare the parti-
tion coefficients in molal units rather than

unitary units. In these units the partition

coefficient for octanol, olive oil at 25#{176},and
EPC are 200, 140 and 114, respectively. The
fact that the bilayer has a lower partition

coefficient than the isotropic liquids is not
surprising in view of its more ordered struc-
ture (4).
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SUMMARY

VANDERHOEK, JACK Y. AND MAURICE B. FEINSTEIN: Local anesthetics, chiorprom-
azine and propranolol inhibit stimulus-activation of phospholipase A2 in human
platelets. Mol. Pharmacol. 16, 171-180 (1979).

Stimulation of platelets by various agents such as thrombin, collagen and A23187 leads to
a rapid Ca2� - dependent, phospholipase A2-mediated mobilization of arachidonic acid
from certain phospholipids and the biotransformation of this fatty acid to prostaglandin
endopemoxides, thromboxanes A2 and B2, prostaglandins, hydroxyacids and malonyldial-
dehyde (MDA). Local anesthetics (dibucaine, tetmacaine, benzocaine, and QX572), chlor-
promazine and propranolol are very effective inhibitors of MDA formation induced by

thrombin, collagen and A23187, but they do not block conversion of exogenous arachi-
donate to MDA. This result indicates that these drugs do not affect the enzyme
prostaglandin synthetase responsible for the initial steps in arachidonate conversion to

PG endoperoxides and thromboxanes. Utilizing platelets whose phospholipids were pre-
labeled with ‘4C-arachidonate and then stimulated with thrombin or A23187 we have

found that local anesthetics, chiompromazine and propranolol block: (a) formation of ‘4C-
thromboxane B2, ‘4C-prostaglandins and ‘4C-hydroxyacids (12-L-hydroxy-5,8,10,14-eicos-
atetraenoic acid and 12-L-hydroxy-5,8,10-heptadecatrienoic acid) from endogenous (phos-
pholipid) ‘4C-archidonate; and (b) block the fall in the ‘4C-arachidonate content of platelet

phospholipids, especially phosphatidyl choline. Local anesthetics, chlonpromazine and
propranolol did not inhibit the conversion of ‘4C-arachidonate to ‘4C-12-L-hydroxy-

5,8,10,14-eicosatetmaenoic acid by a soluble fraction from platelets containing lipoxygenase
activity. These results conclusively demonstrate that local anesthetics, chlonpmomazine
and propranolol inhibit the activation of PLA2 by stimuli, which is the initial and rate-
limiting step in arachidonate metabolism. To some extent the ability of local anesthetics,
chlorpromazine and propranolol to inhibit platelet aggregation and the release reaction
(secretion of ADP, serotonin, etc.) can undoubtedly be attributed to their effect on PLA2
activation which prevents formation of the aggregating agents PG endoperoxides and
thromboxane A2. However, other actions of these drugs, notably their ability to block
aggregation induced by thromboxane A2 and by other aggregating agents, under conditions
which are independent of PG endoperoxide and thromboxane A2 production, indicates

additional mechanisms of action which can prevent cellular adhesion and exocytosis.

These other actions may be related to non-arachidonate mediated effects on Ca2�-
dependent phospholipases, antagonism of Ca2�-dependent phenomena necessary for
membrane adhesion and fusion, or interference with the process of intracellular Ca2�
release by stimuli.
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