
55 

PINOCYTIC RATE USING HORSERADISH PEROXIDASE 

Paul J. Edel son 

I. INTRODUCTION 

Pinocytosis, or bulk interiorization of fluid, is typical-
ly assessed by measuring the cellular uptake over a fixed 
period of time of a marker present in a known concentration 
in the extracellular fluid. Clearly, the marker must not be 
interiorized by diffusion or specific transport, must be 
stable both extracellularly and intracellularly over the 
period of the experiment, must not be released by the cells 
once it has been interiorized, and must not itself affect the 
endogenous pinocytic rate of the cells being studied. In ad-
dition, the marker must not bind to cell surfaces, as such 
absorptive pinocytosis would prevent the uptake of the marker 
from being a true reflection of the quantity of fluid interi-
orized. 

In addition to these requirements, it is also valuable 
for the marker to be detectable in very small amounts so as 
to reduce the number of cells necessary for the assay and for 
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it to be possible to identify the marker electron microscopi-
cally in order to obtain structural confirmation of the in-
ferred fate of the scout molecules. 

Several marker particles, including ^H-labeled sucrose, 
14C-labeled inulin, 12^I-labeled bovine serum albumin, and 
colloidal gold have been used to assess pinocytic rates. 
Although in various situations each of these markers has 
been useful, we have found horseradish peroxidase to have 
fewer drawbacks and to be more generally applicable than 
these alternatives. It is especially well suited to studies 
of adherent cells, including monocytes and macrophages from 
various species, with the cautions mentioned below. 

II. PRINCIPLE 

Horseradish peroxidase (HRP), a heme-containing protein, 
can catalyze the oxidation of o-dianisidine by hydrogen per-
oxide to give a dark brown product. The rate of this conver-
sion is assessed by measuring the rate of change of absorbance 
of the assay solution at 460 nm on a recording spectrophoto-
meter. 

III. REAGENTS 

1. Horseradish Peroxidase 
The most satisfactory source of the enzyme for pinocytic 

rate measurements is Horseradish Peroxidase, Type II, Catalog 
No. P-8250 (Sigma Chemical Co., St. Louis, Missouri). Several 
more highly purified preparations have been found to give 
erratic results. 

The enzyme may be dissolved in sterile phosphate-buffered 
saline (pH 7.4) at 20 mg/ml. One ml aliquots may be stored 
at -20°C for several months and thawed immediately before use. 
The enzyme deteriorates with repeated cycles of freezing and 
thawing. 

2. Sorensen's Phosphate Buffer fo.lM pH 5.0) 
13.446 gm KH2P04 

0.170 gm Na2HP04e7 H2O. 
Dissolve in 1 liter of distilled water. Adjust pH to 5.0, 

store at room temperature. 
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3. o-dianisidine (10 mg/ml) 
o-Dianisidine (Catalog No. D-3127, Sigma Chemical Co., 

St. Louis, Missouri). Dissolve 10 mg in 1 ml absolute methan-
ol. WARNING: Gloves are mandatory when handling o-dianisi-
dine as it is a suspected carcinogen. Vortex solution thor-
oughly to dissolve powder. 

4. Hydrogen Peroxide (0.3%) 
Hydrogen peroxide solution, 30% stabilized (Catalog No. 

5239, Mallinckrodt Chemical Corp., St. Louis, Missouri). 
Dissolve 1 ml of 30% H2O2 in 99 ml sterile distilled water. 
Store refrigerated and protected from light. 

5. Substrate Solution 
To prepare assay substrate, combine reagents in these 

proportions, and in the following order: 

6.0 ml Sorensen's phosphate buffer (0.1 M, pH 5.0) 
0.05 ml o-dianisidine (10 mg/ml) 
0.06 ml H2C>2(0.3%) (add immediately before the substrate 

is to be used). 

NOTE: Substrate must be prepared with scrupulously clean 
glassware, scoops, etc. The solution should be crystal clear. 
If it appears yellowed or muddy, discard it and prepare fresh 
substrate in a new container. 

The substrate vessel should be wrapped in aluminum foil 
and kept covered. Substrate will remain usable for several 
hours at room temperature. 

6. Triton X-100 (0.05%) 
Triton X-100 (Sigma Chemical Co., St. Louis, Missouri). 

Dissolve in sterile distilled water to make a 5% stock solu-
tion. This solution may be stored indefinitely at room tem-
perature. 

A working solution of Triton (0.05%) should be freshly 
prepared on the day of use by diluting 100 yl of the 5% stock 
solution in 9.9 ml of distilled water. 

IV. PROCEDURES 

A. Peroxidase Uptake 

Freshly rinsed macrophage monolayers are incubated in 
Dulbecco's Modified Eagle's Medium (Catalog No. 320-1965, 
Grand Island Biological· Corp., Grand Island, New York) contain-
ing heat-inactivated fetal calf serum (20%) and horseradish 
peroxidase (1 mg/ml), which has been warmed to 37°C. 
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Cells are incubated for fixed periods of time, rinsed 
vigorously three times with warmed tissue culture medium with-
out serum, and then reincubated in medium containing serum for 
30 min before being rinsed vigorously with phosphate-buffered 
saline (pH 7.4) a final three times, and then being lysed in 
500 μΐ of Triton X-100 (0.05%). The cells should be scraped 
with a rubber police person and the lysate either assayed 
immediately or promptly stored at -20°C until assay. 

B. Peroxidase Assay 

1. Spectrophotometer Settings 
Adjust recording spectrophotometer to measure absorbances 

at 460 nm. The machine should be zeroed with distilled water, 
and full-scale deflection should represent 0.100 absorbance 
units. The cycle time should be set to 15 sec. 

2. Horseradish Peroxidase Standards 
Dilute the incubation solution containing horseradish 

peroxidase (1 mg/ml) with phosphate-buffered saline containing 
fetal calf serum (1%) to a final concentration of 10 ng/ml, a 
dilution of 10 -fold. This standard is usually sufficient, 
but if additional standards are desired, 5 ng/ml and 20 ng/ml 
are both convenient concentrations to use. 

3. To Perform the Assay 
Place 0.1 ml standard or unknown sample in a 1.0 ml 

cuvette. Add 0.9 ml o-dianisidine substrate solution. Cover 
cuvettes with Parafilm and quickly mix contents by inverting 
twice. Immediately place cuvettes in spectrophotometer and 
record absorbances for 1-3 min. 

V. CALCULATION OF DATA 

The calculation is straightforward, based on Beer's law, 
which states that absorbance will be proportional to concen-
tration. In our case, since we are using the rate of accumu-
lation of a colored product as an indicator of enzyme activity, 
it is the rate of change of absorbance that interests us. 
Since this is represented by the slope of the absorbance re-
cordings, we can simply measure these, and then convert them 
to enzyme activities as follows: 

Enzyme Slope (unknown) Enzyme 
concentration = X concentration 
(unknown) Slope (standard) (standard) 
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To obtain specific activity, the activity of each sample is 
divided by the protein content of that sample. Since we cal-
culate our enzyme activities as specific activities, they 
should be divided by the protein concentration. 

The final data should be reported as the volume of fluid 
interiorized per unit time. Since the extracellular fluid 
contains 1 mg/ml enzyme, 1 ng enzyme represents 1 nl fluid 
interiorized. The specific activities may thus be converted 
to fluid volumes, and then divided by the incubation time 
(in hours) and the protein content of 106 cells to give the 
pinocytic rate in nanoliters per hour per 10& cells. 

VI. CRITICAL COMMENTS 

This note will simply emphasize a few important points to 
keep in mind in using the assay. 

The key to reproducible results is an effective procedure 
for washing away the extracellular HRP before the cells are 
assayed for the amount of enzyme ingested. A major problem 
is enzyme adherent to the serum protein coating the culture 
dish. Our approach is to rinse vigorously the dishes 3 times 
with medium to remove most of the soluble extracellular mate-
rial. We then refeed the cultures with serum-supplemented 
medium and incubate them at 37°C for 30 min. This elutes the 
adherent enzyme, and three additional vigorous washes remove 
that. During washing, one must take care never to leave the 
dishes without medium as the cells will rapidly dry and lyse. 

There are several issues to be dealt with in interpreting 
the results of an HRP uptake experiment: 

(a) One should confirm this is really uptake by carrying 
out controls on ice, under which conditions no pinocytosis 
occurs. 

(b) One should also do "dish controls" - culture dishes 
preincubated with medium and serum, but without cells, to 
assess the effectiveness of washing. 

(c) If one is measuring a pinocytic rate, one should in 
fact construct a time course of uptake with points every 15-
30 min for 1-2 hr. Include a ÙQ sample to check washing. 

(d) Check cells for endogenous peroxidase. Monocytes 
and neutrophils (which may contaminate some inflammatory exu-
dates) both have lots of peroxidase. 

(e) Histochemical localization of the marker, especially 
by EM, provides additional assurance that what you say was 
endocytized actually was taken up in membrane-bound vesicles. 
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