
A question arises as to whether some 
of the inhibitory action of manganese is 
due to its blocking effect on the action 
potential so that it cannot reach the 
terminal (2). If this is the case, then the 
number of trials with no response to 
stimulation should be larger than the 
number of these failures predicted by the 
Poisson theorem (9, 10). This point was 
checked in ten experiments and an 
agreement was found between the ex- 
pected and the observed number of 
failures. For example, when a prepara- 
tion was bathed in la Ringer solution 
containing 50 uM Mn2+, 0.7 mM Ca2+, 
and 1.0 mM Mg2+, the mean ampli- 
tude of the end-plate potentials, on 195 
trials, was 0.76 mv, and the mean am- 
plitude of the miniature endcplate po- 
tentials was 0.35 mv, giving a quantal 
content of 2.17. The expected number 
of failures was 22.3 (195e-2.17), while 
the observed number was 23. 

The magnitude of the inhibiting ac- 
tion of Mn2+ ions depends on the con- 
centration of Ca2+ in the extracellular 
medium; at higher Ca2+ concentra- 
tions, more manganese is needed to 
achieve the same fractional inhibition. 
This observation suggested that Mn2+ 
and Ca2+ may be competing for 
a common site on the presynaptic 
membrane. This point was further 
investigated by obtaining relations 
between Ca2+ concentrations and quan- 
tal content of transmitter at two differ- 
ent concentrations of Mn2+. The modi- 
fied Lineweaver-Burk plots [see ,(5)] had 
a common intercept, indicating that the 
inhibition is competitive in nature. Thus, 
the action of Mn2+ on transmitter lib- 
eration resembles that of magnesium 
(11). The main difference between 
these two ions is their potency, manga- 
nese being at least 20 times more potent 
on a molar basis. The qualitative sim- 
ilarity between Mn2+ and Mg2+ at ~the 
frog neuromuscular junction is not sur- 
prising in view of their resemblance in 
some physiochemical properties and 
their mutual replacement in a number 
of processes (12, 13). 

The concentration of manganese in 
human extracellular fluid is estimated 
to be on the order of 1.0 IxM (13), and, 
if the sensitivity of the various human 
synapses is similar to that of the frog 
neuromuscular junction, it is unlikely 
that under normal circumstances a sig- 
nificant fraction of transmitter release 
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disorders (15). It would be of interest 
to see whether synapses exist, with high 
sensitivity to manganese ions, in the 
central nervous system. 
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Cholesterol ester storage disease is 
a rare familial disorder of lipid metab- 
olism characterized by asymptomatic 
hepatomegaly, normal liver function 
studies, and hypercholesteremia (1-3). 
The liver contains cholesterol esters at 
100 to 500 times the normal concen- 
tration (1, 4). Neutral cholesterol es- 
terase activity is normal (3). The ultra- 
structural appearance of hepatocytes in- 
dicates excessive lipid in membrane 
bound vacuoles (presumably abnormal 
lysosomes) (2, 3). We now describe 
deficiency of hepatic acid lipase (a ly- 
sosomal enzyme) activity in a previously 
reported patient (3). Liver biopsy for 
the determination of acid lipase activ- 
ity was performed when the patient 
was 20 years of age. Total serum 
cholesterol was 275 mg per 100 ml of 
serum with 210 mg/100 ml as choles- 
terol ester. 

Mahadevan and Tappel described a 
lysosomal acid lipase in rat liver and 
kidney with optimum activity at pH 
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4.2 (5). Using similar assay methods, 
Patrick and Lake reported lipolytic ac- 
tivity in human liver and spleen with 
optimum activity at pH 4.6 (6). More 
recent histochemical and ultrastructural 
studies provide evidence that human 
hepatic acid lipase is located in the 
lysosome (7). 

Hepatic tissue was weighed, frozen 
on solid C02, and stored at -200C or 
-75?C for less than 12 months before 
assay. Posit-mortem specimens were ob- 
tained within 6 hours of death. Nitro- 
gen was determined by the micro- 
kjeldahl method (8). The assay method 
for acid lipase was similar to that used 
by Patrick and Lake (6) (Table 1). 

These findings indicate deficient ac- 
tivity of hepatic acid lipase in choles- 
terol ester storage disease. Patrick and 
Lake demonstrated a similar enzyme 
deficiency in Wolman's disease (6), an 
observation confirmed by our data. Ac- 
tivities of other lysosomal enzymes (that 
is, of /3-galactosidase and of total hexo- 
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Deficient Activity of Hepatic Acid Lipase in 
Cholesterol Ester Storage Disease 

Abstract. Absence of lysosomal acid lipase activity in the liver is described 
in cholesterol ester storage disease and Wolman's disease. This enzyme deficiency 
may result in the excess hepatic cholesterol ester found in both conditions. How- 
ever, clinical, genetic, and histopathologic differences suggest that the two con- 
ditions are separate diseases not completely explained by deficient enzyme activity. 
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Table 1. Acid lipase activity of liver. The assay system contained Mcllvaine phosphate-citrate 
buffer, pH 4.4 (0.25 ml); 15 mM substrate dispersed in 16 percent Triton X-100 (0.25 ml); 
and tissue homogenate in 0.45M sucrose, frozen, and thawed three times (0.25 ml). The 
concentration of homogenate was 5 percent with glyceryl tripalmitate or cholesteryl oleate as 
substrate, and 2 percent with glyceryl tridecanoate as substrate. After incubation at 37?C for 
1 hour, fatty acid liberation was measured colorimetrically (16). T.H. and F.D. were the 
patients studied. 

Fatty acid liberated per milligram of nitrogen 
(tmole/hour) 

Subject Diagnosis (pmole/hour) 

Glyceryl Glyceryl Cholesteryl 
tridecanoate tripalmitate oleate 

Liver (biopsy) 
T.H. Cholesterol ester storage disease 0 0 0 
Control 1 Mucosulfatidosis 7.30 1.83 0.489 
Control 2 Metachromatic leukodystrophy 6.28 0.260 
Control 3 Gaucher's disease 16.35 4.30 0.364 
Control 4 Abetalipoproteinemia 4.33 0.626 
Control 5 Neonatal hepatitis 9.39 2.14 0.474 
Control 6 Hodgkin's disease 6.28 0.260 

Liver (autopsy) 
Control 7 Reye's syndrome 5.17 2.49 0.780 
Control 8 Reye's syndrome 3.13 1.74 1.060 
Control 9 Erythroblastosis 7.70 2.69 0.203 
F.D. Wolman's disease 0 0 0 

Mean of controls ? S.D. 7.33 ? 2.53 ? 0.50 + 
3.65 0.85 0.27 

saminidase) were normal in our liver 
homogenates from Wolman's disease 
and cholesterol ester storage disease. 

Hepatic lipid composition was de- 
termined after extraction by the method 
of Folch et al. (9). Total lipid was 
determined gravimetrically. Free cho- 
lesterol, esterified cholesterol, and tri- 
glyceride were separated and identified 
by silica-gel thin-layer chromatography 
(10). Each fraction was quantitated by 
gas liquid chromatography. Total liver 
lipid (mg/g, wet weight) was: in cho- 
lesterol ester storage disease, 177; in 
Wolman's disease, 228; and in five nor- 
mal controls 45.4 (S.D. ? 5.7). In cho- 
lesterol ester storage disease, total cho- 
lesterol was 148.3 mg/g, wet weight; es- 
terified cholesterol was 146.9 mg/g, wet 
weight; and triglyceride was 16.6 mg/g, 
wet weight. In Wolman's disease, total 
cholesterol was 92.9 mg/g, wet weight; 
esterified cholesterol was 87.4 mg/g, 
wet weight; and triglyceride was 127 
mg/g, wet weight. In the five control 
specimens, the total cholesterol was 4.8 
mg/g, wet weight (S.D. _ 2.5); esteri- 
fled cholesterol was 1.1 mg/g, wet 
weight (S.D. ? 0.27); and triglyceride 
was 10.1 mg/g, wet weight (S.D. ? 
4.4). Thus in both diseases, there was 
a great excess of cholesterol ester, but 
in Wolman's disease the triglyceride 
concentration increased tenfold while 
in cholesterol ester storage disease, 
hepatic triglyceride concentration was 
within the normal range. Similar values 
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have been 
12). 

reported by others (4, 11, 

Typical Wolman's disease has a ful- 
minant course (13, 14). Affected chil- 
dren usually die in the first year of life 
after a prolonged illness characterized 
by intestinal malabsorption, vomiting, 
punctate adrenal calcification, and he- 
patic failure, which is in marked con- 
trast to the clinical presentation and 
benign course of patients with choles- 
terol ester storage disease who reach 
adult life with no symptoms but hepa- 
tomegaly (1-3). Recessive inheritance 
has been demonstrated in Wolman's 
disease (13). In this family with cho- 
lesterol ester storage disease, we tend 
to believe that inheritance may be domi- 
nant with variable expressivity because 
one female sibling has the same histo- 
logic lesion, four of five other siblings 
have hepatomegaly and minimal but 
definite histologic and ultrastructural 
abnormalities resembling the index case, 
and all six siblings with hepatomegaly 
as well as the father and the paternal 
grandfather have an abnormal serum 
bile acid pattern although clinical or 
biochemical evidence of liver disease is 
absent (3). 

A common feature of both diseases 
is the hepatic excess of cholesterol 
ester (4, 11, 12). However, in Wolman's 
disease excessive amounts of cholesterol 
ester in the liver are present mainly in 
the macrophages of the reticuloendo- 
thelial system (15), whereas in choles- 

terol ester storage disease cholesterol 
ester is primarily found in the hepiato- 
cytes (2, 3). The liver in Wolman's dis- 
ease contains triglyceride at 10 to 20 
times the normal concentration, most 
of which is present in hepatocytes (12, 
15), but in cholesterol ester storage dis- 
ease the hepatic triglyceride concentra- 
tion is normal (4). We propose that 
these differences in the pattern of hepatic 
lipid storage suggest that there may be 
different acid lipases in hepatocytes and 
reticuloendothelial cells. If so, the acid 
lipase determination as performed may 
be specific for only one such lipase that 
is shared by both cell types. 

The differences between cholesterol 
ester storage disease and Wolman's dis- 
ease in clinical course, histopathology, 
lipid analysis of the liver, and possible 
mode of inheritance suggest that these 
are different diseases not completely 
explained by the observed identical de- 
ficiency of hepatic lysosomal acid lipase 
activity. 
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