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Abstract. Heparin inhibited acid P-glycerophosphatase (EC 3.1.3.2) from human blood 
leukocytes, eosinophil-enriched leukocytes, and neutrophils. The inhibition interfered in the 
hydrolysis of phosphorus from glycerophosphate, not in the formation or detection of colored 
complexes of phosphomolybdate in the second or color development step in two conventional 
assays. Heparin inhibited human hypereosinophilic syndrome leukocyte homogenate enzyme 
activity according to the equation: activity equals 0.946 - 0.087 In heparin (units/assay) when 
heparin was varied from 1 to 100 units per assay. At 100 units of heparin per assay, 51% of 
the original activity remained. Enzyme activity was less in neutrophils than in eosinophils; 
moreover, the inhibition of neutrophil homogenate by heparin was considerably less than that 
seen in the eosinophil-enriched leukocyte preprations. In neutrophil homogenates containing 
I00 units of heparin per assay, 77.1 % of activity without heparin was retained. When neutrophil 
lysates were utilized, less inhibition was observed e.g., at 1 unit of heparin per assay, 91.7% 
enzyme activity was retained and at 1000 units, 76.2%; here, activity equals 0.289 - 0.007 In 
heparin. The data allowed more precise consideration of the inhibition of acid P-glycerophos- 
phatase by heparin, and, while confirming quantitatively the greater content of acid 
P-glycerophosphatase in eosinophil-enriched leukocyte preparations than in neutrophil prepa- 
rations, provide experimental support for an acid 8-glycerophosphatase in human eosinophils, 
which is different from that in human neutrophils. It is more highly susceptible to heparin 
inhibition than acid P-glycerophosphatase in human neutrophils from which it is apparently 
distinct. 0 1985 Society for Experimental Biology and Medicine. 

Acid phosphatase (EC 3.1.3.2) is the orig- 
inal marker enzyme for lysosomes (1, 2). 
Acid phosphatase utilizing P-glycerophos- 
phatase as substrate is known to be present 
in the primary granule of the rabbit hetero- 
phile leukocyte (3). A similar association of 
this enzyme to human neutrophil azurophil 
granules (4-9) and eosinophil granules ( 10) 
has been made. Of the two populations of 
azurophil granules (5, 8, 11, 12), one at 
density 1.22 g/ml (band A granules) and one 
at density 1.20 g/ml (band B granules), the 
principal association of acid P-glycerophos- 
phatase is with the more dense band A 
granules (5). Unequivocal localization is 
impeded because of inhibition of acid P- 
glycerophosphatase by heparin (5, 13, 14), 
which is required in some granulocyte lysis 
procedures to prevent agglutination of cell- 
free granules (4-6). 

In this report, the assay for acid P-glycero- 
phosphatase is a modification ( 5 )  of the 
method of Applemans et al. ( 1  5), utilizing 

the formation of phosphomolybdate to detect 
the release of inorganic phosphorus according 
either to the method of Fiske and Subbarow 
(16) or Chen et al. (17). The effect of heparin 
upon both steps (cleavage of phosphorus and 
color development) in the assay of acid @- 
glycerophosphatase in human granulocytes 
was assessed. A preliminary experiment 
showed inhibition of human eosinophil-en- 
riched leukocyte acid P-glycerophosphatase. 
In this experiment leukocytes (mostly eosin- 
ophils) from one patient with the hypereosi- 
nophilic syndrome (HES) were the source of 
acid P-glycerophosphatase. The investigation 
of this inhibition of this enzyme activity from 
leukocytes and purified neutrophils from 
healthy men and the preliminary study which 
prompted it are reported herein. Heparin 
inhibition of both human eosinophil-enriched 
leukocyte and neutrophil acid P-glycerophos- 
phatase was observed. Less susceptibility of 
neutrophil acid p-glycerophosphatase to hep- 
arin inhibition was observed. Heparin inhib- 
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ited the cleavage of phosphorus, not the 
formation and detection of phosphomolyb- 
date. 

Materials and Methods. General. Blood 
collection and leukocyte preparation were in 
sterile plasticware. All reagents were made 
utilizing triply distilled water or deionized 
water made from distilled water and reagent- 
grade chemicals. Sodium heparin of beef 
lung origin (Upjohn Co., Kalamazoo, Mich.) 
was utilized. Permission for venipuncture 
was granted after informed consent was ob- 
tained in keeping with established institu- 
tional regulations. 

1. Preparation of HES leukocyte homoge- 
nate. Sixty milliliters of peripheral venous 
blood were drawn from a man with the HES 
(case 14, Ref. 1 8 )  in this experiment per- 
formed in 1970. His white blood cell (WBC) 
count was 23,152 k 593 (mean t SD) with 
77% eosinophils, 2% neutrophil bands, 13% 
neutrophils, 6% lymphocytes, and 2% mono- 
cytes. Of the 77% eosinophils, 2 were small 
bizarrely shaped eosinophils judged to be 
very immature, 3 were promyelocytic eosin- 
ophils, 1 was a myelocytic eosinophil, 1 was 
a metamyelocytic eosinophil, 5 were juvenile 
eosinophils, and 65 were mature eosinophils. 
The patient’s blood, anticoagulated in 0.2% 
Na2H2EDTA, pH 7.3, was mixed promptly 
with an equal volume of 3% dextran (approx. 
mol wt 250,000, Pharmacia, Uppsala, 
Sweden) in 0.9% NaC1, and sedimented at 
room temperature for 25 min. The leukocyte- 
rich supernatant was centrifuged at 400g for 
10 min at 4°C and the pellet was subjected 
to three cycles of hypotonic lysis as previously 
described ( 5 ) .  The resulting leukocyte pellet 
was homogenized in a Teflon pestle homog- 
enizer (A. H. Thomas Co., Philadelphia, Pa.) 
in ice. Aliquots of this homogenate were 
utilized as the source of acid P-glycerophos- 
phatase after storage at -20°C for 1 month. 

2. Preparation of leukocyte homogenates. 
Sixty milliliters of blood, minimally antico- 
agulated in 0.2% of Na2H2EDTA, pH 7.3, 
were obtained by venipuncture from each of 
four healthy white men. The WBC counts 
ranged from 4750 to 10,850/mm3 (7088 
t 2753). The differential WBC counts were 
normal (except one donor with 15% eosino- 
phils) with 67 t 8% neutrophils, 25 k 1 1 %  

lymphocytes, 1 -t 1% monocytes, 6 t 6% 
eosinophils, and 1 t 1% basophils. The blood 
was mixed with an equal volume of 3% 
dextran in 0.85% modified Hanks’ solution 
(MHS: Hanks’ solution lacking calcium, 
magnesium, phenol red, and antibiotics, ad- 
justed to 8.5 g/liter NaCl concentration), and 
allowed to sediment at room temperature for 
20 min. The supernatant was aspirated, di- 
luted in an equal volume of 0.85% MHS, 
and centrifuged at 400g for 10 min at 4°C. 
The resulting pellets were subjected to two 
cycles of hypotonic lysis and a WBC count 
was done. The yield was 324 -t 115 X lo6 
(mean k SD) leukocytes, which included 69 
f 8% neutrophils, 29 t 9% mononuclear 
cells, and 2 f 3% eosinophils, although each 
donor’s cells were kept separate for assay. 
Cells from the donor with 15% eosinophilia 
contained 7% eosinophils after these steps, 
and results from his homogenates were ana- 
lyzed separately, by combining them with 
the three others’, and by excluding them 
from analysis of the three normal donors’ 
results. The pellets were diluted in 0.34 M 
sucrose containing Triton X -  100, homoge- 
nized, further diluted with 0.34 M sucrose to 
a concentration of lo7 WBC/ml in 0.1% 
Triton X-100, and frozen at -20°C until 
assayed which was within 2 weeks. 

3. Preparation of neutrophil homogenate. 
Another white male volunteer was similarly 
bled of 100 ml and the neutrophils were 
purified according to the method in section 
4, except that once the neutrophil pellet was 
obtained, the neutrophils were subjected to 
homogenization as described above. The 
WBC count was 14,550/mm3 with 68% neu- 
trophils, 26% lymphocytes, 5% eosinophils, 
2% monocytes, and 1% basophils. After cell 
separation, there were 56 1 X lo6 WBC which 
were 98% neutrophils and 2% eosinophils. 
Of 594 X lo6 neutrophils, 550 X lo6 were 
obtained for a yield of 92.6%. 

4. Preparation of neutrophil lysates. Blood 
(100 ml) minimally anticoagulated with 0.2% 
Na2H2EDTA, pH 7.3, was obtained by ve- 
nipuncture from each of four healthy adult 
white men. The WBC counts ranged from 
4716 to 8890/mm3 (6178 t 1858). The dif- 
ferential WBC counts were normal with 53 
k 6% neutrophils (range 47-60%); 41 k 5% 
lymphocytes; 2.3 k 1.0% monocytes; and 3.3 
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-+ 2.5% eosinophils. The neutrophils were 
prepared by Hypaque-Ficoll gradients, dex- 
tral sedimentation, and hypotonic lysis as 
previously described (5, 1 1). This yielded 
189.5 _+ 55.9 X lo6 leukocytes, 98 _+ 2.0% 
neutrophils, and 2.0 f 2.0% eosinophils. The 
yield of neutrophils was thus 185 X lo6 per 
donor. The mean number of neutrophils 
available per donor was calculated by mul- 
tiplying the volume of blood (60 ml), times 
the mean WBC (6 178), times the mean ratio 
of neutrophils to leukocytes (0.53), times 
1000, and was 202.8 X lo6. Approximately 
94% of the available neutrophils were recov- 
ered. Neutrophils were suspended in 0.34 M 
sucrose at a concentration of 107/ml. Neutro- 
phils were then subjected to five cycles of 
freezing at -20°C and thawing which was 
done in ice to prevent excess warming. Assays 
were performed within 2 weeks, lysates being 
stored at -20°C until assayed. 

Effect of heparin upon the color develop- 
ment step of assays for acid P-glycerophos- 
phatase. The assay for acid P-glycerophos- 
phatase was a modification (5) of the method 
of Applemans et al. (15) utilizing in its 
second stage, i.e., color development, one of 
two methods for determination of released 
inorganic phosphorus. The standard amino- 
naphtholsulfonic acid method of reducing 
phosphomolybdate of Fiske and Subbarow 
(16) was compared to the eightfold more 
sensitive method of Chen et al. (17) which 
depends upon ascorbic acid for reduction of 
phosphomolybdate. Because a commercial 
aminonaphtholsulfonic acid solution yielded 
erratic results, this reagent was made as 
needed. Phosphate standard stock solution 
was made from potassium phosphate mono- 
basic (Lot No. 786903, Fisher Scientific Co., 
Fairlawn, N.J.). About 1 g was dried overnight 
at llO"C, 0.4400 g was weighed while hot 
on a precision balance and dissolved in triply 
distilled water and 10 ml of I0 N H2S04 to 
a final volume of 1000 ml. A 1/10 v/v 
dilution of the stock solution contained 10 
pg Pi/ml and was used in the color develop- 
ment experiments and steps in the assay as 
phosphate standard. 

Assay for acid P-glycerophosphatase in 
HES leukocyte homogenates. Utilizing the 
method of Fiske and Subbarow, 1 ml leu- 
kocyte homogenate equivalent to 10 million 

leukocytes; 0.5 ml 0.5 M sodium acetate 
buffer, pH 5.0; 0.5 ml 1% Triton X-100 
(Packard Instrument Co., Downers Grove, 
Ill.); 0, 1, 10, or 100 units of heparin; and 
water to make a 2.5-ml volume were mixed 
and preincubated at 37°C. Sodium P-glyc- 
erophosphate, 0.05 M (Fisher Scientific Co.), 
was adjusted to pH 5.0 with a few drops of 
concentrated acetic acid and preincubated at 
37°C. The reaction was started by addition 
of 2.5 ml substrate to the buffered leukocyte 
homogenate, giving a final concentration of 
0.05 M acetate buffer, pH 5.0, 0.1% Triton 
X-100, and 0.025 M P-glycerophosphate. The 
reaction was carried out in a 37°C agitating 
water bath. One-milliliter aliquots were re- 
moved at 0, 15, 30, and 60 min and placed 
in cold 10% trichloroacetic acid. Precipitated 
protein was removed by filtration through 
Whatman No. 42 filter paper. Inorganic 
phosphorus release was measured by color 
development at room temperature for 10 
min and read at 660 nm (16). A Gilford 240 
spectrophotometer equipped with digital 
readout and rapid sampler accessories (Gil- 
ford Instrument Laboratories, Oberlin, Ohio) 
was used. A standard curve using 10, 20, and 
40 pg of phosphorus was determined with 
each assay. The slope of this curve was used 
to determine enzyme activity according to 
the formula: (absorbance - absorbance at 
zero time/min of incubation) X (total volume 
of the reaction mixture in ml/volume of 
reaction mixture in ml assayed at an interval) 
X (volume of the 10% trichloroacetic acid 
plus the volume of the reaction mixture 
added to it/volume of this mixture assayed 
for Pi) X (slope of standard curve: pg Pi/ 
absorbance)/(volume of enzyme solution used 
in reaction mixture), which provides enzyme 
units in micrograms Pi released per minute 
per milliliter. 

Assay for acid P-glycerophosphatase in leu- 
kocyte homogenates. The assay was the same 
as described above except that 1.4 ml of 
leukocyte homogenate, which was equal to 
lo7 leukocytes/ml, was used in each assay, 
that 1.0-ml aliquots were removed at 0, 30, 
60, and 90 min incubation, and that heparin 
in each assay amounted to 0, 1, 10, 100, or 
200 units. 

Assay for acid 8-glycerophosphatase in 
neutrophil homogenate. The assay for acid P- 
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1.0. 

glycerophosphatase was the same as described 
above for leukocyte homogenates. 

Assay for acid P-glycerophosphatase in 
neutrophil lysates. The total reaction mixture 
volume was proportionately reduced to 2.0 
ml (from 5.0 ml), and color development 
was only performed according to Chen et al. 
( 17). To the preincubation mixture was added 
0.2 ml freeze-thawed neutrophils, containing 
approximately 10’ neutrophils/ml. This mix- 
ture also contained 0.2 ml 0.5 M sodium 
acetate buffer, pH 5.0, 0.2 ml 1% Triton X- 
100, and water to make a 1.0-ml volume. 
The reaction was started by addition of 1.0 
ml of 0.05 A4 sodium P-glycerophosphate, 
previously adjusted to pH 5.0 with a few 
drops of concentrated acetic acid and prein- 
cubated at 37°C. The final concentration of 
reagents was equal to that described in the 
previous section, but the volumes were re- 
duced 40%. A standard curve using 1, 2, and 
4 pg of phosphorus was determined with 
each assay (17). 

Protein. Protein was determined in dupli- 
cate by the method of Lowry et al. (19), 
using bovine serum albumin as the protein 
standard. 

Statistical analysis. Standard deviation was 
used as an expression of variation. Compar- 
isons of means were made using the program 
for the paired t statistic, the linear regression 
curve fitting program calculated through the 
origin was used to describe the standard 
phosphorus concentration vs absorbance 
curves, and the logarithmic curve fitting pro- 
gram was used to relate heparin concentra- 
tion, excluding the zero concentration of 
heparin, and enzyme activity (HP97 pro- 
grams and programmable calculator, Hew- 
lett-Packard, Corvalis, Ore.). 

Results. Effect of heparin upon color de- 
velopment. Color development, which is pro- 
portionate to the concentration of inorganic 
phosphorus, is the final step in both methods. 
The aminonaphtholsulfonic acid method of 
reducing phosphomolybdate ( 16) and the 

\ 

mogenate acid P-glycerophosphatase activity. 
Heparin added to the reaction mixture caused 
a dose-related inhibition of eosinophil-en- 
riched leukocyte acid 0-glycerophosphatase 
(Fig. 1). The relationship of heparin concen- 
tration to enzyme inhibition as derived from 
Fig. 1 is: pg Pi released per minute per 
milliliter at concentrations of heparin 1 to 
100 units is equal to 0.946 - 0.087 In heparin 
(units/assay). The activity at each concentra- 
tion of heparin is provided in Table I. When 
comparisons of mean enzyme activity at 
each concentration of heparin are made using 
the paired t statistic, significant differences 
( P  < 0.05) are observed for all such compar- 
isons (based upon values of t and upon the 
area in two tails). For example, comparing 
enzyme activity in assays having no heparin 
with assays having 1 unit of heparin, 10 units 
of heparin, or 100 units of heparin showed 
a significant difference for each comparison. 
Mean enzyme activity at each heparin con- 
centration was different from all others. By 
defining the mean activity with no heparin 
loo%, the percentage activities remaining 
were: 89.6% at 1 unit of heparin; 73.7% at 
10 units; and 51% at 100 units. This clear 

1.1, 

Heparin, Units Per Assay 
ascorbic acid method to reduce phospho- 

FIG. I .  Human hypereosinophilic syndrome leukocyte 
homogenate acid 6-glycerophosphatase activity and its 
inhibition by heparin are shown. Activity expressed on 
the ordinate is kg Pi released per minute per milliliter 
(mean k SD). The abscissa is units of heparin per reaction 
mixture added to the leukocyte homogenate of lo7 
leukocytes just prior to the initiation of the timed assay. 

molybdate to complexes ( 7, were tested 
in the presence Of o-20 pg Of phosphorus 
and Of 0-4 pg Of phosphorus, 
and heparin ranging from to 2oo units per 
assay and were unaffected. 

Efect of heparin upon HES leukocyte ho- 
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result prompted a more thorough investiga- 
tion of heparin inhibition of the enzyme 
activity. 

Eflect of heparin upon leukocyte homoge- 
nate acid 0-glycerophosphatase activity. Hep- 
arin caused a dose-related but less striking 
inhibition of leukocyte homogenate /3-glyc- 
erophosphatase activity, as shown in plots of 
enzyme activity vs heparin concentration in 
Fig. 2. The results from one normal donor 
with eosinophilia of 15% in peripheral blood 
and 7% of his purified leukocytes were con- 
sidered separately (Fig. 2A), combined with 
the others (Fig. 2B), and excluded from con- 
sideration of the three normal donors’ leu- 
kocyte homogenates (Fig. 2C). 

When the single donor with 7% eosinophils 
in the leukocyte homogenate was separately 
examined (Fig.2A), the enzyme activity at all 
heparin concentrations was significantly 
higher than leukocyte homogenate activities 
(Figs. 2B, C) (P < 0.05), but less than activity 
in HES leukocyte homogenates (Fig. 1) ( P  
< 0.05). The enzyme activity of this donor’s 
leukocytes (Fig. 2A) at all concentrations of 
heparin, especially at 10 and 100 units of 
heparin, was closer to that seen in the HES 
leukocyte homogenates than to non-eosino- 
Phil-enriched leukocytes or neutrophil ho- 
mogenates (Table I). 

Comparisons of each point within Fig. 2B 
reveal significant differences between mean 
activities both at 100 and at 200 units of 
heparin per assay and every other mean, but 
no significant difference existed between ac- 
tivities at 100 and at 200 units or any other 
pair of means (Table I). Within the experi- 
ment (Fig. 2B), comparison of means revealed 
the same significant differences observed as 
for the experiment depicted in Fig. 2A (Table 
I). By defining activity without heparin as 
loo%, the greatest decrease in activity was 
with 100 units, which was 74.7%. 

When the donor with eosinophilia was 
excluded (Fig. 2C), the final leukocyte sus- 
pensions from the three normal donors con- 
tained, respectively, 1 , 0, and 1 % eosinophils. 
Less acid 0-glycerophosphatase activity was 
observed and the same pattern of significant 
differences held as for the experiments de- 
picted in Figs. 2A, B. Within the experiments 
displayed in Fig. 2C, significant decreases in 
activity only occurred at 100 and at 200 

1 
0.625 

o,500i 

* 
> 
L .- .- c 
2 

0.375 

0.251 

\ 

A *  . 
0 1’ 1 10 100 200 

Heparin, Units Per Assay 

FIG. 2. Human leukocyte homogenate acid P-glycero- 
phosphatase activity and its inhibition by heparin are 
shown. Activity expressed on the ordinate is Mg Pi 
released per minute per milliliter (mean SD). The 
abscissa is units of heparin per reaction mixture added 
to the leukocyte homogenate of lo7 leukocytesjust prior 
to the initiation of the timed assay. (A) the donor had 
15% peripheral blood eosinophilia and 7% of the ho- 
mogenized leukocytes were eosinophils. (B) data from 
four donors including the one with eosinophilia shown 
in (A) are combined demonstrating the inhibition of 
enzyme activity by heparin. (C) excludes the data from 
the patient with eosinophilia and displays that from 
three normal donors demonstrating less overall activity 
but a similar dose-response of inhibition by heparin. 

units of heparin per assay, compared to 0, 1, 
or 10 units of heparin, and the enzyme 
activities at these two concentrations of hep- 
arin were not different from each other (Ta- 
ble I). 

The mean enzyme activity of these three 
leukocyte homogenates with zero heparin 
(depicted in Fig. 2C) contained 34% (0.356 
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units) of the enzyme activity in the HES 
leukocyte homogenate without heparin ( 1.042 
units). The 34% ratio is comparable to the 
42% ratio of neutrophil lysate to eosinophil 
lysate acid P-glycerophosphatase activity pre- 
viously reported ( 10). 

Efect of heparin upon neutrophil homog- 
enate acid P-glycerophosphatase activity with 
Fiske and Subbarow method. The mean ac- 
tivities of the three timed intervals of the 
assay are presented in Table I. Slight, nonsig- 
nificant increases in activity were noted at 1 
and at 10 units of heparin compared to no 
heparin. Compared to each of these, the 
activity was significantly decreased at 100 
units of heparin and at 200 units of heparin. 
In contrast to the leukocyte homogenate data 
above, the activity at 200 units of heparin 
was significantly less than at 100 units (Table 
I). Enzyme activity at 100 units of heparin 
represented 77.1% of the control without 
heparin and at 200 units of heparin, the 
activity was 72.3% of the control without 
heparin. 

Efect of heparin upon neutrophil lysate 
acid P-glycerophosphatase activity. This set 
of experiments is different from the preceed- 
ing in that neutrophil lysates were prepared 
and then assayed according to the method of 
Chen et al. (17). In contrast to the immedi- 
ately preceeding pilot experiment, four donors 
were used. The mean acid P-glycerophospha- 
tase activity of the donors was 0.316 k 0.038 
units when no heparin was present, similar 
to the activity of Experiment 2C (Table I), 
which was 0.295 2 0.060 units. 

Mean activity consistently decreased de- 
spite larger variation at each incremental 
heparin concentration (Fig. 3). When activity 
data, paired regarding the time interval, were 
compared using the t statistic, the heparin- 
free neutrophil lysate acid P-glycerophospha- 
tase activity was significantly higher than 
each of the enzyme activities with heparin 
added (Table I). Similarly, mean activity with 
1 unit of heparin was significantly greater 
than each mean activity with a larger amount 
of heparin present. Significantly different also 
were 10 vs 200 units, 10 vs 1000 units, and 
100 vs 1000 units (Table I). Other compari- 
sons yielded no difference. By identifying 
heparin-free mean enzyme activity as 1 OO%, 
heparin in the amount stated left the following 

0.32 1 

0314 ‘r- 
1 1  

0274 

0 2 6 1  

10 100 200 1000 
Heparin, Unlb Per Assay 

FIG. 3. Human neutrophil lysate acid P-glycerophos- 
phatase activity and its inhibition by heparin are shown. 
Activity expressed on the ordinate is pg Pi released per 
minute per milliliter (mean f SD). The abscissa is units 
of heparin per reaction mixture added to the leukocyte 
homogenate of 10’ leukocytes just prior to the initiation 
of the timed assay. 

residual activity: 1 unit, 91.7%; 10 units, 
85.7%; 100 units, 82.5%; 200 units, 81.8%; 
and 1000 units, 76.2%. As illustrated in Fig. 
3, a significant although modest enzyme in- 
hibition was seen in these neutrophil lysates 
although it is substantially less than was 
observed in the eosinophil-enriched leukocyte 
homogenate. By applying a logarithmic curve- 
fitting program, enzyme activity expressed as 
micrograms Pi released per minute per mil- 
liliter of neutrophil lysate at 1-1000 units of 
heparin per assay is equal to 0.289 - 0.007 
In heparin (units/assay). 

Specific activity. Since all enzyme units are 
expressed per ml of leukocytes containing 
lo7 leukocytes per ml, the expressions of 
activity in Figs. 1-3, in Table I, and in the 
text are already in the form: activity per lo7 
leukocytes. Mean protein concentration for 
neutrophil lysates (Experiment 4, Table I, 
and Fig. 3) was 71 1 k 49 pg/ml. Thus, the 
heparin-free acid 0-glycerophosphatase activ- 
ity of 0.3 16 units represented a specific activ- 
ity (based upon protein) of 0.44 pg Pi re- 
leased/min/milligram protein. 

Discussion. Heparin was first reported to 
inhibit acid P-glycerophosphatase from non- 
leukocyte, nonhuman sources in 1957 (20). 
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This observation was made de novo as a 
problem in the assay of leukocyte acid 0- 
glycerophosphatase using leukocyte and gran- 
ule fractions which depended upon the use 
of heparin for their preparation (4-6, 10, 13, 
14, 21, 22). In addition, heparin inhibits 
certain other human neutrophil enzymes, 
including acid p-nitrophenylphosphatase (4- 
6, 10, 23), P-glucuronidase (EC 3.2.1.31) (4- 
6, 10, 13, 14, 2 1-24), N-acetyl-P-glucosamin- 
idase (EC 3.2.1.30) (11, 13, 14, 21, 22, 25), 
glutamate dehydrogenase (EC 1.4.1.3) (West, 
B. C., unpublished observations), and others 
(13, 14, 21, 22). 

Earlier reports placed leukocyte acid P- 
glycerophosphatase activity as a percentage 
of control at 70% in the presence of 100 
units of heparin/ml (1 3), 55% in the presence 
of 6 mM heparin (at pH 4.0) (21), and 91% 
(at pH 4.0) and 108% (at pH 5.0) when 
heparin was present in a 2: 1 ratio to lysosomal 
protein at a concentration of 45-90 pg/ml 
(14). Those studies, which also addressed the 
effect of heparin on other neutrophil enzymes, 
provided less information about acid 6-glyc- 
erophosphatase than about other enzymes, 
implying difficulties with this phosphatase or 
its assay (13, 14, 21, 22). Our experience 
confirmed that implication that great care is 
required to control variables and to achieve 
consistent results. 

The present report indicated substantial 
inhibition of human eosinophil acid (3-glyc- 
erophosphatase by heparin. Considerably 
less inhibition of human neutrophil acid P- 
glycerophosphatase was observed. The dif- 
ferences in the susceptibility of acid P-glyc- 
erophosphatase from different granulocyte 
sources indicate a high probability that acid 
P-glycerophosphatase in neutrophils is differ- 
ent from that in eosinophils. Both neutrophil 
and eosinophil acid P-glycerophosphatase are 
associated with lysosomal granule fractions. 
Although the associations are imperfect, neu- 
trophil acid 6-glycerophosphatase is associated 
with band A granules at density 1.22 g/ml 
(5 ) ,  while eosinophil acid P-glycerophospha- 
tase is associated with the more dense eosin- 
ophil granule (band E) at density 1.24 g/ml 
(10). Therefore, in addition to the observation 
that human eosinophils contain approxi- 
mately twice as much total and specific ac- 
tivity of acid P-glycerophosphatase as do 

human neutrophils (lo), the present results 
support an identity of eosinophil acid p- 
glycerophosphatase separate from neutrophil 
acid P-glycerophosphatase, the latter being 
about one-half as susceptible to heparin in- 
hibition. Precedents for separating similar 
enzymes partly on the basis of differential 
susceptibility to heparin inhibition, for ex- 
ample, type I casein kinase from type I1 
casein kinase, are known (26). Similarly, 
neutrophil myeloperoxidase has been distin- 
guished from eosinophil peroxidase by re- 
cording different peroxidase activities when 
the same conditions and substrate were used 
(10, 27). Hence, the data also support separate 
enzyme names: neutrophil acid p-glycero- 
phosphatase and eosinophil acid /?-glycero- 
phosphatase. Complex relationships of acid 
P-glycerophosphatases, such as one enzyme 
common to the two granulocytes in addition 
to two or more separate granulocyte-specific 
enzymes, are possible. Seven acid phosphatase 
isoenzymes from human leukocytes have 
been separated sufficiently to suggest that at 
least three and possibly four of them are 
present in neutrophils (28). However, p-gly- 
cerophosphatate was not one of the substrates 
used, thus not elucidating our results. Acid 
p-nitrophenylphosphatase, which has been 
repeatedly distinguished from acid P-glycer- 
ophosphatase, is identified with membrane 
fractions, not with granules, in human neu- 
trophils (5,7, 8,29) and in human eosinophils 
(10). 

The mechanism of heparin inhibition of 
acid 6-glycerophosphatase is not revealed by 
our data. The fact that heparin is a potent 
polyanionic organic acid containing at least 
24 sulfate groups (30), suggests it might com- 
pete with substrate for enzyme active sites. 
Alternatively, it might interfere with the con- 
figuration of the acid @-glycerophosphatase 
structure, diminishing its affinity for the usual 
substrate. 

Acid P-glycerophosphatase activity of neu- 
trophil homogenate without heparin in Ex- 
periment 3 was 0.349 * 0.004 units which 
was more than comparable activity in Exper- 
iments 2C and 4. Although each of these 
differences was nonsignificant, the trend to- 
ward higher activity in Experiment 3 might 
have related to the leukocytosis of the donor, 
thus giving him a higher proportion of young 
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neutrophils, as reflected in his differential 
WBC count which showed 68% neutrophils 
of 14,550 WBC/mm3. Although no toxic 
granules were observed in his blood smear, 
neutrophils with toxic granules do contain 
more acid phosphatase when tested by a 
method which does not depend upon the 
detection of acid p-nitrophenylphosphatase 
(3 1). Acid pnitrophenylphosphatase is known 
to be normal in neutrophils with toxic gran- 
ulations (32). Thus, our data are consistent 
with increased activity and specific activity 
of acid P-glycerophosphatase which is present 
in young neutrophils and which accompanies 
leukocytosis. 

The present results suggest that inhibition 
of neutrophil acid P-glycerophosphatase by 
heparin might occur during clinical treatment 
with heparin. Heparin therapy transiently 
results in approximately 2 units of heparin 
per milliliter of blood when 10,000 units of 
heparin are administered rapidly by the in- 
travenous route, provided the volume of 
distribution approximates a blood volume of 
5 liters. Other enzymes, such as N-acetyl-P- 
D-glucosaminidase, might be more signifi- 
cantly inhibited (25). In vitro, heparin has 
been shown to inhibit properties of normal 
neutrophil function, including phagocytosis 
(33, 34), neutrophil adherence to glass (34), 
and the antibacterial effects of cationic, ly- 
sosomal proteins (35-37). Heparin promotes 
neutrophil aggregation and degranulation 
(38). Heparin therapy inhibits bactericidal 
activity apparently by diminishing comple- 
ment activation, and results in an adverse in 
vitro effect (33). In contrast, heparin treatment 
in vivo enhanced survival of guinea pigs 
subjected to experimental gram-negative sep- 
sis when heparin was combined with passive 
antibody treatment in comparison to treat- 
ment with passive antibody alone (39). Here, 
heparin treatment appeared to diminish 
complement activation and was beneficial 
(39). In another clinically pertinent interac- 
tion possibly with neutrophils, heparin does 
not inhibit the growth of bacteria when used 
to anticoagulate blood for blood cultures 
(40). In fact, heparin enhances the recovery 
of certain aerobic bacteria from blood culture 
media when present in the large concentration 
of 600 units/ml (41). Although the mecha- 
nism of this enhancement of recovery has 

not been examined, our data and that which 
we review suggest that the reason lies in 
heparin’s adverse effect upon neutrophil ly- 
sosomal enzyme function and neutrophil cell 
function. Heparin is known to antagonize 
the adherence of bacteria to urothelium (42, 
43), but this is not a true bactericidal effect. 
Despite its multiple activities (44, 4 9 ,  heparin 
is not known to have useful direct antimicro- 
bial activities either naturally (46) or thera- 
peutically (47). Leukocyte extracts can inhibit 
the ability of heparin to induce lipoprotein 
lipase (48) and the anticoagulant activity of 
heparin (48-50). Little evidence exists in 
humans in vivo that heparin therapy impairs 
antiinflammatory or neutrophil (or eosino- 
phil) functions. Nonetheless, our observations 
and others imply that certain nonanticoagu- 
lant aspects of heparin therapy in clinical 
medicine deserve study. Possibly the reason 
that no increased susceptibility to infection 
has been observed with short- or long-term 
heparin therapy is that heparin’s “negative” 
effects vis a vis the human host, namely, 
inhibition of neutrophil enzyme activity, 
bactericidal activities, and phagocytosis and 
its “positive” effects, such as direct antimi- 
crobial, anticomplementary, and anticoagu- 
lant activities, counteract one another. 

The experiment using cells from a man with the 
hypereosinophilic syndrome was performed at the Lab- 
oratory for Clinical Investigation, NIAID, Bethesda, Md. 
The author thanks Carolyn A. Moore for technical 
assistance and Jan Webb and Tommie Lue Maddox for 
clerical assistance. 
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