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vacuoles are rare while the dense structures are 
abundant (Fig. 3). 

A second line of evidence involved double label- 
ing of cells, first treating them with colloidal 
thorium dioxide and then exposing them for 1 h to 
the cytochemical tracer, HRP. The rationale here 
is that the colloid would be chased from pinocytic 
vesicles into secondary lysosomes during the l-h 
HRP exposure, so that pinocytic vesicles would 
contain only HRP, and secondary lysosomes both 
markers. In fact, little or no thorium dioxide was 
visualized in several hundred putative incoming 
HRP-reactive vesicles (i.e., those with a peripheral 
rim of reactivity), whereas most vacuoles filled 
with HRP-reaction product exhibited colloid as 
well (Figs. 4 and 5). We rarely found profiles with 
colloidal thorium and no HRP. if Thorotrast and 
HRP were given to cells simultaneously, colloid 
and enzyme reaction product were found in both 
types of HRP-reactive vacuole. We have not yet 
succeeded in using cytochemical techniques to 
localize an acid hydrolase (e.g., acid phosphatase) 
to the granules labeled with HRP. However, 
previous studies have shown that secondary lyso- 
somes marked with acid-phosphatase reaction 
product are similar in structure and distribution to 
those containing dense HRP reactivity (9). For the 
remainder of this study, we refer to vacuoles with a 
peripheral rim of cytochemical reactivity as pino- 
cytic vesicles, whereas those with a dense content 
are called secondary lysosomes. Although pre- 
sumptive pinocytic vesicles are often larger than 
lysosomes (see below), the distinction between the 
two types of vacuole is made solely on the basis of 
the distribution of cytochemical reaction product 
vs. size. 

The Sensitivity of the Cytochemical 
Technique 

The other important advantage of HRP as a 
marker solute is that the DAB technique appears 
to detect all incoming pinocytic vesicles. Previous 
studies (40, 41) established that HRP was pinocy- 
tosed in the fluid phase of incoming vesicles, so 
that increasing the concentration of enzyme in the 
culture medium should simply increase its concen- 
tration in the pinocytic vesicle. If the cytochemical 
assay is fully sensitive, there should exist some 
concentration of HRP at which the number and 
dimensions of HRP reactive vesicles reaches a 
plateau; raising the concentration of enzyme in the 
culture medium (hence vesicles) should not change 

their detectability even though the absolute 
amount of interiorized HRP would increase. This 
was indeed observed in macrophages exposed for 
2.5 rain to 0.1, 0.5, 1,0, and 2.0 mg/ml HRP 
(Table II). There was no significant difference in 
the number, fractional surface areas, and frac- 
tional volumes of pinocytic vesicles in cells given 
the three higher concentrations of enzyme, while 
all three parameters decreased significantly at 0.1 
mg/ml (lines i-3, Table II). Control data showed 
that the overall cellular dimensions were not 
altered by the different concentrations of HRP, 
viz, the surface area of the cells and the size of the 
cell profiles (lines 4 and 5, Table II). The DAB 
procedure must therefore detect all incoming pino- 
eyrie vesicles which form from culture medium 
containing 0.5 mg/ml HRP or more. Further 
supporting evidence will be presented below. 

The Size Distribution of Pinocytic Vesicles 
and Secondary L ysosomes 

The diameters of newly formed pinocytic vesi- 
cles were measured in cells exposed for 30, 60, 150, 
180, and 300 s to 1 mg/ml HRP (Table III). Some 
10-20% of the vesicle profiles were not circular, so 
that an estimate of their equivalent circular diame- 
ter was made. With time, the relative frequency of 
larger profiles increased. We suspect this is due to 
fusion among incoming pinocytic vesicles. The 
composite distribution for 5,703 vesicle profiles, 
representing the cumulative data in Table III, has 
been plotted (Fig. 7 A). 

The distribution of profile diameters can be 
converted to actual vesicle diameters using a 
procedure of S. Brodie and B. W. Knight (manu- 
script in preparation, modified from Wickseil 
[52]). Data for the mean actual vesicle diameter, 
area, and volume are presented in Table IV. It is 
noteworthy that if vesicles must be greater than 0.3 
~m to be resolved by phase contrast microscopy, 
then at least 84% of the incoming vesicles (30 s 
data) would not be detectable. 

Macrophages, like other cells, contain a popula- 
tion of small, 0.1 #m, coated vesicles, i.e., vesicles 
in which tiny spikes or bristles project from the 
surface into the cytoplasm. These coated vesicles 
predominated along the dish surface of cultured 
cells. At either cell surface, however, they lacked 
HRP reaction product (Fig. 6). 

Longer exposures of macrophages to HRP 
results in the appearance of a large population of 
HRP-containing secondary lysosomes (Figs. 2 and 
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