
to those seen in RS. Concentrations of 
ammonia might be elevated for at least 
three reasons: urea synthesis is depen- 
dent on ATP, two of the urea cycle en- 
zymes are intramitochondrial, and the 
nitrogen load is augmented because of 
increased protein catabolism. 

The results of this study point to a 
probable RS serum uncoupling factor 
other than fatty acids that directly affects 
mitochondrial organization and function. 
Since the clinical course of RS is consis- 
tent with a general disruption of energy- 
linked functions that may be primary in 
several tissues, it is proposed that the as 
yet unidentified factor may have an im- 
portant role in the pathogenesis of RS. 
This hypothesis immediately suggests 
three corollaries. (i) Since a typical cell 
may have several thousand mito- 
chondria, a fairly large or very specific 
insult may be needed to cause serious 
impairment of energy-linked functions. 
Any factor that will affect mitochondrial 
function may thus be synergistically im- 
portant in the development of this ill- 
ness. In some cases, salicylates may 
have such a role, since they are often 
given during the prodrome illness and 
since salicylate metabolites are known 
uncouplers of oxidative phosphorylation 
(19). Only 0.1 percent of children con- 
tracting the typical viral prodrome devel- 
op RS (20), so the possibility of a genetic 
susceptibility (for example, to the effects 
or metabolism of uncoupling factors) al- 
so must be considered. (ii) A high serum 
concentration of any cell-permeable un- 
coupling factor might be expected to ini- 
tiate the cascade of events leading to an 
array of symptoms that mimic those seen 
in RS. In view of this, it should not be 
surprising that salicylate poisoning per 
se is often confused with RS (21). Simi- 
larly, large doses of free fatty acids, 
which are known to disrupt mitochon- 
drial energy metabolism (11), will pro- 
duce RS-like features in animals (22). (iii) 
Although clinical treatment to remove 
toxic factors as well as to correct serum 
ammonia concentrations is indicated, 
these measures may not result in imme- 
diate improvement. Unlike encephalop- 
athies that are secondary to hepatic fail- 
ure, recovery of the central nervous sys- 
tem from RS will certainly require 
additional time for mitochondrial regen- 
eration and cell repair. 
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timately become less responsive to eth- 
anol in vitro, on the basis that the "fluid- 
izability" of the terminals would have 
been altered. 

The effect of ethanol on the spon- 
taneous release of acetylcholine was 
measured by monitoring the frequency 
of miniature end plate potentials 
(MEPP's) in the rat phrenic nerve-dia- 
phragm preparation, using standard 
methods (3, 4, 7). The results, shown in 
Fig. 1, indicate that the phrenic nerve 
terminals from ethanol-tolerant rats were 
more resistant to the in vitro application 
of ethanol than the terminals from su- 
crose-fed rats. The results are graphed in 
accordance with the known semi- 
logarithmic relation between ethanol 
concentration and MEPP frequency (4). 
Quastel et al. (4) have established that 
the logarithm of the frequency is linearly 
related to ethanol concentration; this has 
been confirmed by others (3) as well as 
by work in this laboratory, which pro- 
vides the basis for drawing straight lines 
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Abstract. Phrenic nerve terminals from rats subjected to long-term ethanol treat- 
ment were more resistant to ethanol (in vitro) than terminals from sucrose-fed rats, 
as measured by the effect of ethanol on the frequency of miniature end plate poten- 
tials. Long-term ethanol exposure may thus induce the synthesis of more rigid mem- 
brane lipids, reducing membrane "fluidizability." This may provide a neurocellular 
basis for ethanol tolerance and cross-tolerance with anesthetics and barbiturates. 
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in Fig. 1. This straight line monotonic re- 
lation ranges from very low ("physi- 
ological") to very high concentrations of 
ethanol and is generally thought to repre- 
sent a single process (such as promotion 
of fusion of presynaptic vesicles to the 
presynaptic membrane). Thus, the gen- 
eral assumption (3, 4) is that what one 
measures at high ethanol concentrations 
may pertain to the lower physiological 
ethanol concentrations. There are values 
missing at 0.2M (ethanol group) and at 
1.2M (controls) in Fig. 1; insufficient 
measurements were made at these two 
points, and drifts of the resting potentials 
by more than 10 mv artifactually altered 
the MEPP frequency. Since different 
nerve terminals had different control 
MEPP frequencies (that is, in the ab- 
sence of ethanol), it was necessary to ex- 
press the MEPP frequency (in the pres- 
ence of ethanol) relative to the control 
value by simply dividing the two fre- 
quencies. In Fig. 1, the slope for the su- 
crose-fed controls is 1.46, while that for 
the ethanol-treated animals is 1.16; using 
Student's t-test, these are significantly 
different (P < .005). The absolute MEPP 
frequency for all the control junctions of 
the sucrose-fed rats was 1.21 + 0.10 
sec-i (mean + standard error of the 
mean), while that for the junctions of the 
ethanol-tolerant rats (but in the absence 
of ethanol in vitro) was 1.09 ? 0.08 
sec-1. Although this 10 percent reduction 
is suggestive of a "dependence" on eth- 
anol, this difference was not statistically 
significant. A significant difference be- 
tween control and ethanol-tolerant junc- 
tions was only brought out on addition of 
ethanol. 

The results reported here are in ac- 
cordance with the finding that erythro- 
cyte and brain synaptosome membranes 
from ethanol-tolerant animals are more 
resistant to the fluidizing action of eth- 
anol, as monitored by the electron para- 
magnetic resonance technique (8). The 
natural fluidity of biomembranes primar- 
ily depends on the membrane lipid com- 
position (9), which is under metabolic 
control. Since alcohols are known to in- 
crease membrane fluidity, the long-term 
ethanol exposure might cause the cell's 
metabolism to produce "stiffer" mem- 
brane lipids. Such inflexible lipids might 
be less fluidizable by ethanol. If this hy- 
pothesis is true, such lipids should be de- 
tectable in a wide variety of body tis- 
sues. Since Ca2+ is critical both for mem- 
brane rigidity (2, 10) and for the process 
which releases the acetylcholine from 
the vesicles (11), an alternative hypothe- 
sis is that the long-term ethanol treat- 
ment modulated the membrane-bound 
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