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Tartrate-resistant acid phosphatase (TRAP) 

activity in the metaphyseal and diaphyseal 

osteoblasts of the tibiae of young growing 

rats was histochemically examined. To 

evaluate the histochemical reactivity of 

TRAP, both the azo-dye method and the 

lead-salt method were used. In metaphy-

seal bone trabeculae, both osteoblasts and 

osteoclasts existed on the bone surfaces, 

indicating active bone remodeling. The 

osteoblasts appeared round or columnar in 

shape with abundant cytoplasm. Most 

osteoblasts were TRAP-positive and the reac-

tion product was distributed throughout the 

cytoplasm, producing a granular ap-

pearance. Osteoclasts had the most intense

TRAP activity among bone cells. In the 

endosteum of diaphyses, the bone surfaces 

were commonly covered with osteoblasts, in-

dicating predominant bone formation. The 

osteoblasts in these areas were TRAP 

negative. On some endosteal surfaces, 

where bone remodeling was taking place, 

the osteoblasts co-existed with osteo-

clasts. In these areas the osteoblasts were 

TRAP-positive. From these results, it was 

shown that TRAP-positive osteoblasts ex-

isted, and that the osteoblasts located at or 

near the regions where osteoclastic bone 

resorption was taking place, became TRAP 

positive.
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I. Introduction 

   There are a number of acid phosphatases (EC3.1.3.2) 

which can be differentiated according to their structural, 

catalytic and immunological properties, tissue distribu-

tion, and subcellular location [3, 7]. These acid phospha-

tases can be divided into 2 groups based on their sensitivity 

to tartrate, namely tartrate-resistant acid phosphatase 

(TRAP) and tartrate-sensitive acid phosphatase (TSAP) 

[3, 7]. TRAP has been determined to be identical to an 

iron-containing purple acid phosphatase, based on its 

biological and physico-chemical properties [19]. This en-

zyme is found in various tissues such as the spleen, lung, 

placenta, uterus and epidermis, and also in pathological 
conditions such as Gaucher spleen and hairy cell leukemia 

[3, 7, 19]. In bone tissue, both TRAP and TSAP have 
also been identified [7,18] . Since TRAP in the bone tissue 

has been thought to be located exclusively in osteoclasts, it 

is employed as a histochemical marker for the identifica-

tion of osteoclasts [1, 4, 6, 8-12, 17, 20], and proposed to 

play a certain role in bone resorption [3, 7] . Regarding 
the localization of TRAP in bone cells, some histo-

chemical studies pointed out that TRAP was positive 

not only in osteoclasts but also in osteoblasts or 

osteoblast-like cells [5, 6, 10]. Bianco et al. [5] reported 

that almost all osteoblasts in the growth plate regions were 

TRAP positive, but TRAP activity in the osteoblasts of 

diaphysis was less common. TRAP reactivity in oste-

oblasts is, therefore, still controversial. 

   In this study, TRAP activity in metaphyseal and 

diaphyseal osteoblasts of young rats was histochemically 

examined. 

II. Materials and Methods 

   Young rats (Wistar strain, 3-5 weeks old) were 

anesthetized and perfused with saline via the left ventricle 

for a few min, then the saline was replaced with a fixative 

composed of 1% glutaraldehyde, 1% paraformaldehyde 

and 0.1 M cacodylate buffer (pH 7.4). After fixation for 

10 min, tibiae were collected and bisected longitudinally 

with a razor blade, including the metaphysis and
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diaphysis. 

   For TRAP histochemistry, half of the specimens were 

immersed in the same fixative employed for perfusion for 

one hr at 4°C, then washed with 0.1 M cacodylate buffer 

(pH 7.4) for several hr. The specimens were then decalcifi-
ed with 5% ethylenediaminetetraacetic acid (EDTA)-0.1 M 

cacodylate buffer (pH 7.4) for one week at 4°C. After rins-

ing for several hr with the buffer, the tibiae were divided 

into diaphysis and metaphysis. All the specimens were 

dehydrated with a graded ethanol series and embedded in 

Lowicryl K4M resin. Polymerization was carried out by 

ultraviolet overnight at 4°C. Approximately 2 im thick 

sections were cut, floated on water droplets on slides, and 

allowed to air dry at 10°C overnight, then examined for 

TRAP activity. Since the azo-dye method and the lead-

salt method can be utilized for histochemical detection of 

TRAP at the light microscopic level [8], both methods 

were employed to evaluate TRAP reactivity in this study. 

   The incubation medium based on the azo-dye method 

was prepared according to Cole and Walters [6], and con-

sisted of 0.2 M acetate buffer (pH 5.0), 25 ml; naphthol 

AS-BI phosphate as the substrate, 4 mg; Fast Red Violet 

LB as a coupler, 35 mg; 10% magnesium chloride 60 p1; 

L(+)-tartaric acid, 187.5 mg (at a final concentration of 

50 mM). The medium was readjusted to pH 5.0 with 1 N 

NaOH. Incubation was carried out for 30 min at 37°C. 

Substrate-free medium was used as a control. After in-

cubation, the sections were washed with distilled water and 

counterstained with hematoxylin. 

   For the lead-salt method, the basic incubation 

medium was prepared according to Miyayama et al. [13]. 

The medium consisted of 0.1 M acetate buffer (pH 6.0), 

3.6 mM lead nitrate and 1 mM p-nitrophenyl phosphate as 

the substrate. 10 mM L(+)-tartaric acid was added to the 

medium to detect TRAP activity. The concentration of 

L(+)-tartaric acid was confined to 10 mM because a higher 

concentration (50 mM used for the azo-dye method) caus-

ed precipitation of the incubation medium in the lead-salt 

method. The incubation medium was adjusted to pH 6.0 

to avoid staining artifacts that may occur at lower pH (5.0 

or 5.8), as described by Fukushima et al. [8]. Substrate-

free medium was used as a control. Incubation was car-

ried out for 60 min at 37°C. After incubation, all sections 

were rinsed with distilled water for 10 min, treated with 

1% ammonium sulfide for one min to visualize the reac-

tion products, then counterstained with hematoxylin. 

   For the histological examination, the remainder of the 

specimens were immersed in the same fixative for a few 

days after perfusion fixation, post-fixed with 0.1 M 

cacodylate buffered 1 % osmium tetroxide (pH 7.4), 

dehydrated with a graded acetone series, and embedded in 

Epon 812. Approximately 2 pm thick sections were cut, 

stained with 1 % toluidine blue in phosphate buffer 

(pH 7.4), and observed.

III. Results 

   In the metaphysis, the bone trabeculae connected to 

growth plate cartilage were extended inward toward the 
marrow cavity. The surfaces of the trabeculae were 

coated with a layer of osteoblasts which were columnar or 

round with abundant cytoplasm. Actively resorbing 

osteoclasts were also frequently observed. Almost all 

osteoblasts were shown to be TRAP-positive by both the 

azo-dye and the lead-salt methods (Fig. 1-A, B). The reac-

tion products, regardless of the method used, were 

granular in appearance throughout the cytoplasm (Fig. 1-
A, B). Osteoclasts showed the strongest activity of all the 

bone cells (Fig. 1-A, B). 

   In the diaphysis, the majority of the endosteal sur-

faces were covered with osteoblasts, and osteoclasts were 

few in number in comparison to the metaphysis. In the 

areas where osteoblasts coated the bone surfaces but 

osteoclasts were not observed, the osteoblasts were TRAP 

negative (Fig. 2-A, B). The populations of the cells on 

some endosteal surfaces consisted of both osteoblasts and 

osteoclasts, indicating bone remodeling was occurring. 

The osteoblasts in such areas were TRAP positive (Fig. 3-

A, B). The osteoclasts were also intensely TRAP positive 

(Fig. 3-A, B). 
   No significant difference was observed on the 

histochemical reactivity of TRAP between the azo-dye 

method and the lead-salt method. Control sections in-

cubated with substrate-free media showed no reaction 

products. 

IV. Discussion 

   In this study, TRAP activity in osteoblasts of the 

metaphyses and diaphyses of young growing rats was 

histochemically analyzed, employing both the azo-dye 

method and the lead-salt method to evaluate TRAP reac-

tivity. Osteoclasts were intensely stained TRAP positive 

and the TRAP reactivity detected by both methods was 

essentially the same. No reaction product was observed in 

control sections. Therefore, the TRAP reactivity detected 

in osteoblasts in this study is reliable. 

   Osteoblasts are mostly TRAP negative, as shown 

histochemically and immunohistochemically [see ref. 2 for 

review], although Cole and Walters [6] reported that the 

osteoblast-like cells in the epiphyseal growth plate region 

of rats were sparsely stained for TRAP detection. Fur-

ther, Bianco et al. [5] reported that almost all osteoblasts 

in the growth plate regions were TRAP positive, but activi-

ty was less common in the diaphysis. In this study, 

TRAP-positive osteoblasts and TRAP-negative oste-

oblasts were distinguished. The majority of metaphyseal 

osteoblasts were TRAP positive. While, in the endosteum 

of the diaphysis both TRAP-positive and -negative oste-

oblasts were observed, but TRAP-negative osteoblasts 

were large in number. Our TRAP activity findings in oste-

oblasts from metaphyses concurred with those from a
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Fig. 1. Tartrate-resistant acid phosphatase (TRAP) activity in metaphyseal bone cells. A: TRAP activity in bone cells detected by the azo-

 dye method. Most osteoblasts showed TRAP activity (arrowheads), with reaction products that were granular in appearance in the 

 cytoplasms. An osteoclast (arrow) displaying the strongest TRAP activity of all the bone cells was observed on the bone surface. BT: 

 metaphyseal bone trabecula. x 330. B: Osteoblasts were positively stained for TRAP activity by the lead-salt method (arrowheads). The 
 TRAP reactivity in osteoblasts was similar to that of the azo-dye method. CB: cortical bone, an arrow: osteoclast. x 830. 

Fig. 2. TRAP-negative osteoblasts in diaphysis. A: Osteoblasts coated the bone surface, but osteoclasts were not observed here. 

 Osteoblasts were TRAP negative (arrowheads). Lead-salt method. CB: cortical bone. x 330. B: An enlarged photograph from an area 

 similar to that of panel 2A. No reaction product could be seen in osteoblasts (arrowheads). Lead-salt method. CB: cortical bone. x 830. 

Fig. 3. TRAP-positive osteoblasts detected by the lead-salt method and the azo-dye method in diaphysis. A: The osteoblasts (arrowheads) 
 located around osteoclasts (arrows) were TRAP positive. Lead salt-method. CB: cortical bone. x 650. B: A part of an osteoclast was 

 observed on the bone surface, showing intense TRAP activity (arrow). Osteoblasts were also TRAP positive (arrowheads). These results 

 were the same as those of panel 3A. Azo-dye method. CB: cortical bone. x 830.
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previous report [5]. Therefore, our study strongly sup-

ports that TRAP-positive osteoblasts exist. 
   The heterogenous stainability for TRAP was observed 

among osteoblasts, as mentioned above. These osteo-

blasts were well developed, and no morphological differ-

ences were found between TRAP-positive and -negative 

osteoblasts by light microscopy. The significance of 

the heterogeneity of TRAP reactivity among osteoblasts 

is unclear. However, the locational tendency of TRAP-

positive and -negative osteoblasts on the bone surface was 
recognized, i.e. TRAP-positive osteoblasts were located at 

or near the regions where osteoclastic bone resorption was 

taking place, while bone resorption was not observed near 

TRAP-negative osteoblasts. From these results, it was 

shown that osteoblasts co-existing with osteoclasts in the 

areas of active bone resorption exhibited TRAP activity. 

   It is generally accepted that osteoclastic TRAP is 

related to bone resorption [3, 7]. Bianco et al. [5] 

speculated that osteoblastic TRAP might be related to 

bone resorption, although no evidence is available for how 

osteoblastic TRAP activity is related to osteoblastic bone 

resorption. The functional significance of TRAP in oste-

oblasts is still unclear in this study. However, it should be 

noted that TRAP has phosphotyrosyl protein phosphatase 

activity, including bone derived TRAP [2, 7, 14, 21], and 

that phosphotyrosyl protein phosphatase activity has been 

detected in osteoblast-like cell lines (MC3T3-E1, UMR 

106.06) [15, 16]. Histochemical analysis is needed to 

clarify the relationship between osteoblastic TRAP and 

phosphotyrosyl protein phosphatase, and the location of 

phosphotyrosine phosphatase activity in bone cells, 
specifically in osteoblasts. 

   Finally, regarding the discrepancy of TRAP reactivity 

in osteoblasts in the literature, i.e. reports [1, 4, 6, 8-12, 

17, 20] state that osteoblasts are mostly TRAP negative, 

and reports [5, 6, 10] and this report state that TRAP-

positive osteoblasts exist. It is possible to interpret that 
this discrepancy was caused- by the different ways in which 

the specimens were prepared, the condition of the bone 

tissues, or the area of the bone specimens examined in the 

reports, i.e. were the osteoblasts observed located in an 

area of active resorption. 

V. Acknowledgments 

   The authors wish to thank Nancy Kief for editorial 

assistance. 

VI. References 

 1. Akisaka, T., Subita, G. P., Kawaguchi, H. and Shigenaga, Y.: 
    Different tartrate sensitivity and pH optimum for two isoen-

    zymes of acid phosphatase in osteoclasts. An electron-
    microscopic enzyme-cytochemical study. Cell Tissue Res. 255; 

   69-76, 1989. 
2. Andersson, G. and Ek-Rylander, B.: The tartrate-resistant 

    purple acid phosphatase of bone osteoclasts -a protein phos-
    phatase with multivalent substrate specificity and regulation.

    Acta Orthop. Scand. 66; 189-194, 1995. 

 3. Andersson, G., Ek-Rylander, B. and Minkin, C.: Acid phos-

    phatases. In "Biology and Physiology of the Osteoclast", ed. 
    by B. R. Rifkin and C. V. Gay, CRC Press, Boca Raton, 1992, 

    pp. 55-80. 
 4. Baron, R., Neff, L., Nefussi, J. -R. and Vignery, A.: Kinetic 

    and cytochemical identification of osteoclast precursors and 

    their differentiation into multinucleated osteoclasts. Am. J. 

   Pathol. 122; 363-378, 1986. 

 5. Bianco, P., Ballanti, P, and Bonucci, E.: Tartrate-resistant 

    acid phosphatase activity in rat osteoblasts and osteocytes. 

    Calcif. Tissue Int. 43.; 167-171, 1988. 

 6. Cole, A. A. and Walters, L. M.: Tartrate-resistant acid 

    phosphatase in bone and cartilage following decalcification and 
    cold-embedding in plastic. J. Histochem. Cytochem. 35; 203-

   206, 1987. 

7. Drexler, H. G. and Gignac, S. M.: Characterization and expres-

    sion of tartrate-resistant acid phosphatase (TRAP) in 

    hematopoietic cells. Leukemia 8; 359-368, 1994. 

8. Fukushima, O., Bekker, P. J. and Gay, C. V.: Ultrastructural 

    localization of tartrate-resistant acid phosphatase (purple acid 

    phosphatase) activity in chicken cartilage and bone. Am. J. 
   Anat. 191; 228-236, 1991. 

9. Hammarstrom, L. E., Hanker, L. S. and Toverud, S. U.: 

    Cellular differences in acid phosphatase isoenzymes in bone and 

    teeth. Clin. Orthop. 78; 151-167, 1971. 

10. Hammerstrom, L. E., Anderson, T. R., Marks, JR., S. C. and 

    Toverud, S. U.: Inhibition by dithionite and reactivation by 

    iron of the tartrate-resistant acid phosphatase in bone of 

    osteopetrotic (ia) rats. J. Histochem. Cytochem. 31; 1167-

   1174, 1983. 

11. Lindunger, A., MacKay, C. A., Ek-Rylander, B., Andersson, 

    G. and Marks, JR., S. C.: Histochemistry and biochemistry of 

    tartrate-resistant acid phosphatase (TRAP) and tartrate-resis-

   tant acid adenosine triphosphatase (TrATPase) in bone, bone 

    marrow and spleen: implications for osteoclast ontogeny. 

   Bone Miner. 10; 109-119, 1990. 

12. Minkin, C.: Bone acid phosphatase: tartrate-resistant acid 

    phosphatase as a marker of osteoclast function. Calcif. Tissue 
   Int. 34; 285-290, 1982. 

13. Miyayama, H., Solomon, R., Sasaki, M., Lin, C. W. and 

    Fishman, W. H.: Demonstration of lysosomal and ex-

   tralysosomal sites for acid phosphatase in mouse kidney tubule 

    cells with p-nitrophenyl-phosphate lead-salt technique. J. 
   Histochem. Cytochem. 23; 439-451, 1975. 

14. Nuthmann, V., Dirks, W. and Drexler, H. G.: Transient ex-

   pression of the tartrate-resistant acid phosphatase (TRAP) gene 
   in hamster cells: a pilot study. Leukemia 7; 1960-1964, 1993. 

15. Southey, M. C., Findlay, D. M, and Kemp, B. E.: Regulation 

   of membrane-associated tyrosine phosphatases in UMR 106.06-

    osteoblastlike cells. Biochem. J. 305; 485-490, 1995. 

16. Suzuki, K., Okamoto, T., Yoshimura, Y., Deyama, Y., Hisada, 

   Y. and Matsumoto, A.: Phosphotyrosyl protein phosphatase-

   like activity of a clonal osteoblastic cell line (MC3T3-E1). Ar-

   c/is. Oral Biol. 40; 825-830, 1995. 

17. Tanaka, T., Morioka, T., Ayasaka, N. and Sakano, A.: Tar-

    trate-resistant acid phosphatase in osteoclasts and preosteo-

   clasts by low temperature embedding in Lowicryl K4M. Acta 

   Histochem. Cytochem. 20; 693-697, 1987. 

18. Vaes, G.: Cellular biology and biochemical mechanism of bone 

    resorption: A review of recent developments on the formation, 

    activation, and mode of action of osteoclasts. Clin. Orthop. 

   231; 239-271, 1988. 

19. Vincent, J. B. and Averill, B. A.: An enzyme with a double 

    identity: Purple acid phosphatase and tartrate-resistant acid 

   phosphatase. FASEB J. 4; 3009-3014, 1990.



TRAP Activity in Osteoblasts 225

20. Van de Wijngaert, F. P. and Burger, E. H.: Demonstration of 

    tartrate-resistant acid phosphatase in un-decalcified, glycol-

    methacrylate-embedded mouse bone: A possible marker for 

    (pre) osteoclast identification. J. Histochem. Cytochem. 34; 
   1317-1323, 1986.

21. Lau, K. -H. W., Freeman, T. K. and Baylink, D. J.: Purifica-

   tion and characterization of an acid phosphatase that displays 

    phosphotyrosyl protein phosphatase activity from bovine cor-

    tical bone matrix. J. Biol. Chem. 262: 1389-1397, 1987.


