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Acid Phosphatase Activity in Human 
Blood Cells 

AN improved azo dye method 1 has been applied to 
human blood cells by which acid phosphatase activity 
could be demonstrated in all peripheral leucooytes and 
platelets. This technique is based on the use of 
phosphate esters of 'Naphthol AS' derivatives• as 
substrates and hoxazoniump-rosanilin as a coupler3

•4 , 

Blood smears, air-dried for 10-20 min, at room 
temperature, were fixed for 10 min. in cold (4° C.) 
10 per cent formalin containing 1 per cent calcium 
chloride. The formalin solution was adjusted to pH 
7·0 with N sodium hydroxide and controlled weekly. 
(A 10 per cent formalin solution in O· l M sodium 
acetate adjusted to pH 7·0 can be substituted with 
similar results,) Following fixation, the smears were 
rinsed well with distilled water and incubated for up 
to 3 hr. (generally 2 hr.) at room temperature. The 
incubation time can be reduced to about half with 
similar results by incubating at 37° C. The incuba
tion solution was freshly prepared from four stock 
solutions : (1) Michaelis veronal-acetate buffer stock 
solution: 9·71 gm. sodium acetate. 3H2O plus 14·71 
gm. sodium barbiturate dissolved in carbon dioxide 
free distilled water made up to final volume of 500 ml. 
(2) Substrate stock solution: 'Naphthol AS-Bl' 
phosphate (Nutritional Biochemical Co., Cleveland, 
Ohio) dissolved in N,N-dimethyl-formamide in 10 
mgm./ml. concentration. (3) 4 per cent sodium nitrite 
in distilled water. (4) 2 gm. 'Pararosanilin-hydro
chloride' (National Aniline Division, Allied Chemical 
and Dye Corporation, New York) added to 50 ml. 
2 N hydrochloric acid and gently heated. After 
cooling, the solution was filtered. Solutions 1, 2 and 
3 were stored at 4° C. The working solution was 
prepared as follows: 5 ml. of solution No. 1 and 1 ml. 
of No. 2 were mixed with 13 ml. of distilled water in a 
beaker. To this was added l ·6 ml. of hexazonium 
p-rosanilin solution obtained by adding 0·8 ml. of 
solution No. 3 to 0·8 ml. of solution No. 4 in a test 
tube. After mixing, the pH was adjusted to 5·0 with 
N sodium hydroxide. 

Following the incubation, the smears were rinsed 
in distilled water and counterstained with methyl 
green (1 per cent methyl green in phosphate or 
veronal-acetate buffer, pH 4) for 30-60 sec.; rinsed 
well in distilled water, quickly dehydrated through 
alcohol and mounted via xylene in synthetic mounting 
medium. The sites of enzyme activity were marked 
by deposits of amorphous red azo dye. (The micro
scopic observation of the red azo dye precipitate is 
facilitated by using a balanced light source obtained 
by combining a didymium and Wratten 82 0 filter.) 
The nuclei were stained green. 

During the incubation period some precipitate 
developed in the test medium. Nevertheless, chang
ing the solution midway during the incubation 
produced no improvement in the staining reaction. 
Acid phosphatase activity could be demonstrated in 
cells in unfixed smears. Tho fixation used, however, 
improved the morphological preservation of the cells. 
From the point of view of both morphology and 
preservation of enzyme activity neutral formalin was 
found to be the superior fixative. 

Acid phosphatase activity could also be demon
strated in blood cells by using other 'Napht,hol 
AS' substrates. Tho intensity of tho staining reaction 
decreased with the various substrates tested in the 

following order: 'Naphthol AS-Bl', 'AS-AN', 
'AS-TR', 'AS-CL' and 'AS-MX phosphate'. 
Practically no staining occurred after a 3-hr. incuba
tion with 'Naphthol AS-GR' phosphate. With these 
phosphate esters no substrate specificity or preferen
tial staining was observed in the blood cells tested. 
cx-Naphthyl phosphate with hexazonium p-rosanilin 
(1 at pH 6 or 6·5 sec., ref. 4) gave less satisfactory 
results. 

After incubation for 2 hr., acid phosphatase 
activity was demonstrated in all types of leucocytcs. 
Every cell showed some degree of activity. Baso
philes, however, were not definitely identified. Eosino
philes and monocytes revealed the most intense 
reaction followed by neutrophiles and lymphocytes. 
Staining was also observed in platelets but not in 
erythrocytes. In each cell series variations of the 
enzyme activity were seen. The nature of the staining 
reaction was generally very finely granular and diffuse. 
However, in each of the cell series there were cells 
which revealed coarser granules of azo dye scattered 
in their cytoplasm. (The demonstration of acid 
phosphatase activity in human blood cells using 
Gomori's lead sulphide method, as well as the relation
ship of enzyme activity to lysosomes, was discussed 
elsewhere 5 .) The technique reported here can be 
applied to bone marrow smears (for example, very 
high acid phosphatase activity was found in multiple 
myeloma cells). 

Since the simple technique reported here gave 
reproducible and artefact-free localization, it is hoped 
that it will facilitate the investigation of acid phos
phatase activity in both blood and bone marrow cells 
in various pathological conditions. 

'Naphthol AS-AN' and 'AS-CL' phosphates 
were synthesized and kindly supplied by Dr. M. S. 
Brustone, whom we thank. 
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Two Human Blood Group Antigens, 
Sta (Stones) and Ria (Ridley), closely 

related to the MNSs System 
A SERIES of screening tests has been undertaken 

with a serum Ath. known to contain powerful saline
agglutinating antibodies against the rare Wright 
(Wra) and Swann (Swa) blood group factors. Control 
reagents were prepared by absorbing separate aliquots 
of the serum with known Wr(a +) and Sw(a +) 
cells. Samples found positive with the native scrum 
wore tested afterwards with these control reagents, 
so that Wr(a +) and Sw(a +) individuals were 
readily identified. 

The cells of one such positive reactor, Mrs. Stones, 
were found to react with both the absorbed sera, 
and further tests have shown that a third antibody iR 
present in serum Ath. This is clearly separable from 
the other two antibodies by absorption with Mrs. 
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