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ABSTRACT 

The localization of the alkaline and acid phosphatase expressions was studied in the paranal sinus of 
14 non - thoroughbred dogs. The expression and determination of acid phosphatase were shown by 
the Gomori method which involved fixing and staining of the test materials from these animals. 
Tissue alkaline and acid phosphatase expressions were found in the stratified squamous cornified 
epithelium, in the apocrine and sebaceous glands, in the stroma of the perianal sinus and in the 
external anal sphincter of the dog. These results led us to suggest that these enzymes participate in the 
local homeostasis of the studied organ. Thus, the acid and alkaline phosphatase activities can be used 
as diagnostic markers in the monitoring of pathological lesions in this region. 
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INTRODUCTION 

The alkaline phosphatase (ALP) is a 
membrane - bound enzyme, which 
participates in membrane transport (1) and 
catalyses the hydrolysis of the organic and 
inorganic monophosphatic esters, whose 
activity occurs in alkaline medium, at pH 
range, 9,8 - 10,5 (2)1  

This enzyme has an important role apart 
from the active transport of substrates in the 
cell, (3). 

A lot of authors (4) have studied the 
ALP participation in the regeneration of the 
cutaneous structures. 

The isoenzymes of ALP are synthesized 
in the liver, bones, intestines, and placenta (2, 
5, 6). 

Some cells of the epidermis, called cells 
of Langerhans type, possess positive reaction 
for ALP activity; their dendrites penetrate 
between the cells of stratum spinosum (7). 
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According to some other authors (8, 9), 
the ALP expression is connected with the 
sebaceous gland function and is an element 
for the diagnosis and monitoring of the 
apocrine gland tumours. 

ALP participates in the transport of 
substrates through the capillaries and in the 
synthesis of the sebaceous secret (10). 

Some other studies find that the 
increased expression is androgen – determined 
(11). 

 ALP localization is observed in human 
fibroblasts (12). The secretion and transport of 
calcium is ALP - dependent (13). 

ALP participates probably in the 
pathogenesis of tumours, connected with 
calcium metabolism and described by in the 
dog paranal sinus (PS) (14). 

Some authors have shown that ALP is 
associated with the sarcolemma and with the 
endothelial cells` plasmalemma of the 
surrounding capillaries (15). 

The acid phosphatase (ACP) is a 
lysosomal marker It catalyses in acid medium 
at pH 4,5 (16, 17). 
The enzyme is highly concentrated in the 
prostata, bones, blood cells, spleen and the 
cells of monocyte macrophagial system. This 
enzyme is localized subcellularly in the 
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lysosomes and the cytoplasma. Some 
isoenzyme forms are known, the prostate one 
has the biggest importance in the laboratory 
diagnosis (3).  

The localization of ALP and ACP 
expression is found in some organs of the 
animals and human (1, 17, 18). 

This enzyme is observed not only in 
membrane - limited organelles; it is also 
diffusely spread in the cytoplasma (18). 

ACP is presented in the intercellular 
space of stratum granulosum and stratum 
corneum. The authors suggest that it 
participates in degradation of the nucleotides 
and phospholipids (20). 

According to some other authors (21) 
there is ALP and ACP expression in the anal, 
apocrine and sebaceous glands in the anal 
canal of the dog. The lipids in stratum 
corneum are supplied by exocytosis of the 
lamellar granules in the intercellular space. 
The lamellar granules contain ACP. The lipids 
and ACP participate in the function and 
desquamation of stratum corneum (19). 

ACP is associated with the destruction 
and necrobiosis of the keratinocytes (8). 

Increased ACP activity is observed in 
the changed smooth muscle cells with massivе 
lipid deposition (atheromatosis aortae) of the 
rabbit. This is connected with the increased 
number and shape of the lysosomes (22). 

In the human adrenal gland cortex there 
is ACP expression in the lysosomes and 
secretory vacuoles of the cells from the 
reticular zone, which is most active in the 
steroidogenesis (1). 

The role of ACP has been shown in the 
catabolic processes around the glomerular 
basal membrane of the rats and in the 
glomerular ultrafiltration (23). 

Other authors (24) have observed ACP 
and ALP expression in paranal sinus (PS) of 
the dog. The changes with the activity of the 
tissue acid phosphatase in the prostate gland 
are used like diagnostic and prognostic 
indicator for malignant prostate 
transformation (25, 26). 

The decreased level of the tissue 
alkaline phosphatase is a positive biochemical 
indicator for disseminated prostate cancer 
(27). 

We made this investigation with the 
intention to add the knowledge about the 
enzyme activity of ALP and ACP in PS, and 
to explain their functional importance in this 
organ. 
 
 

MATERIALS AND METHODS 

Paranal sinus of 14 non - thoroughbred dogs 
(7 male and 7 female, aged 2 to 15 years) 
were used after the euthanasia of the animals 
with 500 mg Thiopental (Biochemie, Austria) 
ІV.  

Frozen slices with thickness 8 µm were 
fixed in 10 % neutral formalin (for 24h, at 0 - 
4Cº). The alkaline phosphatase activity was 
demonstrated by Gomori’s method (28). 
Briefly, the slices were translocated in 
incubating medium for four hours at 37Cº, 
edulcorated with water, treated with 2% 
cobaltous chloride for 3 - 5 min, edulcorated 
with distilled water and put in ammonium 
sulphide till they got a black colour. After 
that, they were edulcorated with distilled 
water, dehydrated, cleared and embedded in 
Entellan (Merck, Darmstadt, Germany). 

The presence of the enzyme in the 
tissues was demonstrated by black 
precipitations of cobaltous sulphide. The 
localization of the acid phosphatase activity 
was found by Gomori`s method. The slices 
were translocated in incubating medium for 
four hours at 37Cº, edulcorated with distilled 
water, treated with ammonium sulphide for 
one minute and embedded in glycerin - 
gelatin. The black - brown sediment of 
plumbic nitrate was indicator for acid 
phosphatase activity. 
 
RESULTS 

A high activity of alkaline phosphatase (ALP) 
was found in the basal (stratum basale) and 
middle layer (stratum spinosum and 
granulosum) of the stratified squamous 
epithelium of PS (Figure 1). In the stroma of 
the sinus was observed moderate enzyme 
expression in some cells. In the secretory cells 
of the apocrine glands was found a 
considerable alkaline phosphatase activity in 
the basal parts of the cells and near the basal 
membranes. The blood vessels of the 
microcirculatory region around the secretory 
tubules, demonstrated moderate and high 
expression of the investigated enzyme. 
Considerable activity was expressed in the 
peripheral cells (germinative cells) of the 
sebaceous glands and in the excretory ductus 
of PS, moderate and low enzyme activity was 
observed in the differentiated cells. High 
alkaline phosphatase expression was found in 
the endomysium and perimysium of the 
external anal sphincter. 
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Figure 1. High expression of ALP in the basal and 
middle layer of the stratified squamous cornified 
epithelium (E), in the basal part of the cells of the 
apocrine glands (GA), in the blood vessels of the 
interstitium (arrowheads). Moderate ALP activity 
in some cells of the propria (PR) of PS (arrows). 
(Bar=50µm) 
 
High and moderate activity of acid 
phosphatase (ACP) was expressed in all layers 
of the stratified squamous cornified 
epithelium (Figure 2), moderate and low 
expression was observed in some stromal cells 
of the sinus, in the cytoplasma of the apocrine 
gland cells, high expression - in the apical part 
of the secretory cells, in the lumen of the 
gland tubules and in the basal membranes 
(Figure 3). Low enzyme reaction was found 
in the differentiated cells of the mast glands, 
and in the peripheral ones (germinative cells) - 
high activity. Intensive red - brown coloured 
granules were observed in the muscle cells, 
and diffuse brown coloration - in the 
sarcoplasma, and in the peri - and 
endomysium. 
 

 
 

Figute 2. High to moderate and activity in all 
layers of the stratified squamous cornified 
epithelium (arrowheads). Moderate to low 
expression in some cells of the propria (PR) of PS 
(arrow). (Bar=50µm) 
 

 
 

Figure 3. Moderate to low ACÐ activity in the 
cytoplasma of the cells of the apocrine glands, 
High expression – in the apical parts of the 
secretory cells (arrowheads), in lumen of the 
glandular tubules and in the basal membranes 
(arrows). IC - interstitium. PR - propria. 
(Bar=50µm) 
 
DISCUSSION 

We observed low expression of ALP in the 
apical parts of the cylindrical apocrine cells 
and high one in their basal parts, compared 
with ALP activity, observed by (18, 24) in the 
myoepithelial cells and the basal membranes 
in the secretory cells of PS of the dog. 
Sebaceous glands and their secretions 
demonstrated localization of ALP activity, 
compared with other investigations (24). The 
localization of ALP expression, observed by 
us in the stratified squamous epithelium in PS 
of the dog confirms other results about the 
enzyme expression in the epidermis (7, 9). 

The localization of ALP activity, 
investigated by us in the PS apocrine glands 
of the dog, resemble the affirmations of (8, 9) 
about increased enzyme activity of ALP in the 
plasmalemma of the apocrine gland secretory 
cells and in the myoepithelial cells around 
them. The intensive ALP reactivity in the 
stroma of PS corresponds with the observed 
enzyme activity in the endothelial cells and 
the capillaries of the rats, in the cutaneous 
capillaries of primates (8, 9). 

The cells of the sebaceous glands 
demonstrated positive reaction for ALP, as the 
cells in the cutaneous multiacinoses glands of 
the primates and in the sebaceous glands of 
the human (4, 9). 

The low expression of ALP, observed 
by us in the endo – and perimysium of the 
external anal sphincter confirms the 
investigations of (15). 

The localization of ACP activity, 
studied by us in PS of the dog, approaches the 
results of (19, 24) and, compared with them, 
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we described the ACP localization in the cells 
of the stratified squamous epithelium. 

High ACP activity was found in the 
cytoplasma of the epidermal cells, in line with 
some earlier results (20). 

The ACP localization in the stratified 
epithelium of PS makes us suggest its 
participation in the process of cornification, in 
line with some earlier result of another author 
(19). 

Moderate and low enzyme expression 
was found in the stroma of the sinus. That 
could be connected with the observed 
localization of ACP activity in the fibroblasts 
of the human (12). 

The apical expression of ACP in the 
cytoplasma of the cells in the apocrine glands 
and in the lumen of the glandular tubules 
could be associated with their secretion, 
which corresponds with the investigations of 
(5). The enzyme activity of ACP, observed by 
us in the basal membranes, was not confirmed 
by an earlier work (24). The ACP localization 
probably is connected with the transport of 
substrates through the basal membranes, 
which are necessary for the function of the 
glands, and that is confirmed by (1). In the 
same time we suggest that ACP in the 
apocrine glands of this organ is associated 
with the tumourigenesis, as its isoenzyme in 
the prostate gland (25). In the cytoplasma of 
the sebaceous gland cell in PS, we observed 
ACP expression, which fortifies the 
knowledge about the enzyme activity in the 
cutaneous sebaceous glands of the rat (17). 
The enzyme probably is responsible for the 
cholocrine secretion of these glands (10). 

The results of (6) about the ALP and 
ACP expression in the skin motivate us to 
consider that the basic role of ALP in PS is 
connected with the transport of chemical 
substances, which are necessary for the 
normal function of different structures in this 
organ, while ACP participates in the 
destruction of phospholipids, in the 
necrobiosis of the keratinocytes, in the 
secretion of sebaceous and apocrine glands in 
PS. Probably these enzymes can be used as 
diagnostic and prognostic markers in case of 
pathologic processes in PS. 
 
REFERENCES 

1. Aso, Y., Ohtawara, Y., Suzuki, K., 
Tajima, A. and Fujita, K., Localization of 
alkaline and acid phosphatases in healthy 
human adrenal cortex. Light and electron 
microscopic study. Invest Urol, 17: 487–
490, 1980. 

2. Mircheva, T. and Penchev, I., 
Fundamentals of Clinical Biochemistry in 
domestic animals, Eniovche, Sofia, 
Bulgaria, ðð 65, 2005. 

3. Dochev, D., Clinical laboratory, Medicine 
& Physical Culture, Sofia, Bulgaria, pp 
126–128, 1985. 

4. Handjiski, B., Eichmuler, S., Hofmann, 
U., Czarnetzki, B. and Paus, R., Alkaline 
phosphatase activity and localization 
during the murine hair cycle. British 
Journal of Dermatology, 131, 3: 303–310, 
1994. 

5. Toe, Y., Yamammoto, M., Endo, H., 
Mischin, Y.and Ikehara, Y., Isolation and 
characterization of rat liver alkaline 
phosphatase gene. A single gene with two 
promoters. European Journal of 
Biochemistry, 182: 231–237, 1989. 

6. Weiss, M., Ray, K., Fallon, M., Whyte, 
M., Fedde, K., Lafferry, N., Mulivor, R 
and Harris, H., Analysis of liver /lung/ 
kidney alkaline phosphatase m –RNA, 
DNA and enzymatic activity in cultured 
skin fibroblasts from 14 unrelated patients 
with severe hypophosphatasia. American 
Journal of Human Genetics, 44: 686–691, 
1989. 

7. Knalil, H., Nitiuthai, S. and Allen, J., 
Alkaline phosphatase-positive Langerhans 
cells in the epidermis of cattle. Journal of 
Investigative Dermatology, 79: 47–51, 
1982. 

8. Conroy, J. and Green, C., Distribution of 
acid and alkaline phosphatase in canine 
skin. American journal of Veterinary 
Research, 36, 12: 1697–1703, 1975. 

9. Montagna, W. and Yun, J., The skin of 
primates. The skin of the great bushbaby 
(Galago crasteaudatus). American Journal 
of Physiology and Anthropology, 20: 149–
166, 1962.  

10. Sokolov, V., Shabadash, S. and Zelikina, 
A., Alkaline phosphatase in the cutaneous 
glands and vessels in the rat and mouse. 
Doklady Akademii Nauki SSSR, 281, 6: 
1450–1454, 1985.  

11. Michael, J. and Ahmed, K., Presence and 
androgen control of an alkaline 
phosphatase in the nucleus of rat ventral 
prostate. Acta Biochimia and Biophysica, 
429: 439–447, 1976. 

12. Abe, T., Abe, Y., Aida, Y., Hara, Y.and 
Maeda, K., Extracellular matrix regulates 
induction of alkaline phosphatase 
expression by ascorbic acid in human 
fibroblasts. Journal of Cellular 
Physiology, 189: 144–151, 2001.  



STEFANOV IV., et al. 

Trakia Journal of Sciences, Vol. 7, No. 1, 2009 53

13. Meyran, J. and Graf, F., 
Ultrahistochemical localization of Na+- 
K+ATPase, Ca2+- ATPase and alkaline 
phosphatase in calcium transporting 
epithelium of a crustacean during 
moulting. Histochemistry and Cell 
Biology, 85, 4: 310–320, 1986.  

14. Meuten, D., Capen, C., Kociba, G., Chew, 
D. and Cooper, B., Ultrastructural 
evaluation of adenocarcinomas derived 
from apocrine glands of the anal sac 
associated with hypercalcemia in dogs. 
Am J Pathol, 107: 67–175, 1982. 

15. Safadi, A., Livne, E., Siolbermann, M. 
and Reznick, A., Activity of alkaline 
phosphatase in rat skeletal muscle 
localized along the sarcolema and 
endothelial cell membranes. Journal of 
Histochemistry and Cytochemistry, 39: 
199–203, 1991.  

16. Oliver, C., Cytochemical localization of 
acid phosphatase and trimetaphosphatase 
activities in exocrine acinar cells. Journal 
of Histochemistry and Cytochemistry, 28, 
1: 78–81, 1980.  

17. McDonald, D., Schofield, L., Geffert, M. 
and Coleman, R., A comparative study of 
new substrates for the histochemical 
demonstration of acid 
phosphomonoesterase activity in tissues 
which secrete acid phosphatase. Journal 
of Histochemistry and Cytochemistry, 28, 
4: 316–332, 1980.  

18. Eisen, A., Arndt, K. and Clark, W., The 
ultrastructural localization of acid 
phosphatase in human dermis. Journal of 
Investigative Dermatology, 43: 319–326, 
1964. 

19. Freinkel, R. and Trakzik, T., Acid 
hydrolases of the epidermis: subcellular 
localization and relationship to 
cornification. Journal of Investigative 
Dermatology, 80: 441–446, 1985. 

20. Makinen, P. and Makinen, K., 
Purification and properties of rat skin acid 

phosphatase. International Journal of 
Peptide and Protein Research, 18: 352–
369, 1981.  

21. Budsberg, S. and Spurgeon, T., 
Microscopic anatomy and enzyme 
histochemistry of the canine anal canal. 
Anatomy, Histology and Embryology, 12: 
325–340, 1983.  

22. Shio, H., Farquhar, M. and Duve, C., 
Lysosomes of the arterial wall. IV. 
Cytochemical localization of acid 
phosphatase and catalase in smooth 
muscle cells and foam cells from rabbit 
atheromatous aorta. American Journal of 
Pathology, 76, 1: 1–16, 1974.  

23. Rudiger, J., Kalicharan, D., Halbuhuber, 
K. and Want, J., Extralysosomal 
localization of acid phosphatase in the rat 
kidney. Histochem Cell Biol, 109: 375–
382, 1998. 

24. Montagna, W. and Parks, H., A 
histochemical study of the glands of the 
anal sac of the dog. Anatomical Record, 
100: 297–317, 1948.  

25. Moss, D., Raymond, F. and Wile, D., 
Clinical and biological aspects of acid 
phosphatase. Crit Rev Lab Sci, 32: 431–
467, 1995.  

26. Srivastava, R., MacDonald J. and Ming-
Fong L., Cellular prostatic acid 
phosphatase: a protein tyrosine 
phosphatase involved in androgen-
independent proliferation of prostate 
cancer. Endocrine-Related Cancer, 12: 
805–822, 2005. 

27. Mulders, P., Theewes, A. and Delryne, F., 
Value of biochemical markers in the 
management of disseminated prostatic 
cancer. Europian Urology, 21: 2–5, 1992.  

28. Buchalova, IB. and Êopevà, ÎV., In: 
Raichlina N (ed), Histochemistry of the 
enzymes laboratory methods: 
Phosphatases. Edition Peace, Moscow, pp 
57-59, pp 67-69. 1982. 

 


