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Invasion mechanism of surfactant on the cell membrane
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Invaston mechanism of surfactant on the cell membrane was studied by using the physiological
technigues. Surfactant made of fatty acids having a long carbon chain. It is necessary to study
the effects of fatty acids on the nerve cell membrane.

The effects of fatty acids on the Na channel] of the nerve membrane was studied by using a
voltage clamp in squid giant axon, When 2-decenoic acid was applied externally at 2 mM in arti-
ficial sea water, it depolarized the nerve membrane 2-5mV and eventually blecked the action po-
tential. The membrane resistance was not changed by this chemical. The maximum value of the
Na-current was decreased and reached the steady state value at 15 min after application. The
fatty acid does not affect the K current. Fatty acids less than 8 carbon atoms have no effect on
either Na or K currents. We also compared with the effects of fatty acids of the same chain
length. Sebacic acid, having carboxyl groups at both ends of the carbon chain, has no effects on
the Na current, 10-hydroxydecanoic acid also has no effect on the Na current or the resting po-
tential. The same tendency toward inhibition of the Na current was observed when these com-
pounds applied intraceflularly, These data show that the suppression of the Na current depends
on the number of carbon atoms and the chemial structure of the compounds. The effects of these
fatty acids on the Na channel was also examined by using voltage clamp and computer simulation,
The time constant of m-gate, vm, was increased 2 times compared with control, but the other fac-
tors, h, n, were not changed. This means that the opening velocity of the m-gate becomes slow
by application of fatty acids. The cell volume also increased by the fatty acids. From the analy-
sis of the video picture, the cell surface area increased about 1.06 times compared with control.
This phenomenon related with the increase of the membrane fluidity. These increase might affect
the opening of m-gate of Na channel. These effects might be considered in so far as fatty acids
get into the membrane from the part of lipophilic hydrocarbon chain and as a results of it the
opening velocity of the m-gate becomes slow. It is therefore of great interest to directly observe
the membrane fluidity change caused by these chemicals.

The membrane fluidity was measured by fluorescence photobleaching recovery method. The
fluorescent probe was 5-(octadecylthiccarbamylamino) Auorescence, F18. The effective lateral
diffusion constant of the membrane was around 0,35x10°% cm?/sec. in control cels, 0.42x10-8
cm?fsec in 2-decenoic acid treated cells and 0, 35x10-% cm¥/sec in valeric acid treated cells. The
effective mobilities of the membrane complex increased about 40% by the external application of
decenoic acid, while valeric acid increased it only 12%. From the physiological results that 2.
decenoic acid inhibits the Na channel, it is suggested that this increase in the membrane fluidity
might affect the Na channel.

Long chain fatty acid, like arachidonic acid, is not soluble in the saline water, but soluble in
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1mM a-cyclodextrin, The effects of arachidonic acid on the membrane was studied by using
this solution and found that it inkibitted only the Na channel and not X channei.

We also observe the effect of (Trimethyl-n-alkylammonium)* which has a hydrocarbon chain
with n carbon atoms. The chemicals inhibited both Na and K currents and half inhibition dose
were 600 mM (n=8}, 150 mM (n=10}, 40 mM (n=12) and 3 mM {n=14). These inhibition related
with the length of a hydrocarbon chain. ‘These chemicals might penetrate the membrane and
attack the channel from the inner side of the membrane.

Saponin, a detergent, has a specific high affinity to cholesterol which is abundant in the plasma

membrane,

We reported that saponin specially permeabilized the axolemma of axons leaving cy-

toplasmic structures intact. The particle movement in cytoplasm (axoplasmic transport) was ob-
served in saponin-treated axon by using ATP containing solution. This saponin-treated axon is an

useful tool of axoplasmic transport model,

Medium chain fatty acyl Co A dehydrogenase deficiency increased fatty acids Cs-Cuz in the

body fluid and caused a psychological damage.
tal results.

These phenomenon are proved by our experimen-
We also studied that forced sleep is related with the accumulation of fatty acids.

Nerve cells can be devided with several groups by the effects of fatty acids. Inhibition of ex-

citation depends on the amount of fatty acids.

From these results, we considered that the

physiological conditions might be governed by the amount of fatty acids in the body fluid.
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