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1. Introduction
Esterase enzymes, belonging to the hydrolase enzymes, 
break down the ester bonds and, thereby, catalyze the 
hydrolysis of esters. Esterases are classified under 2 groups, 
nonspecific esterases and specific esterases. Esterases, 
which hydrolyze simple esters such as naphthylacetate, are 
classified as nonspecific esterases. Nonspecific esterases 
are widely distributed in the body and are found in several 
different types of cells. Practical staining methods, based 
on cytochemical esterase activity, are commonly used 
to demonstrate leukocytes and leukemia cells, which 
cannot be differentiated by the conventional Romanowsky 
staining procedure (1). Alpha-naphthyl acetate esterase 
(ANAE), a nonspecific esterase, is also used as a 
distinguishing marker, as it produces a dot-like positivity 
pattern in sites where mature T lymphocytes are present at 
high levels (2). Several researchers have demonstrated its 
presence in T lymphocytes and absence in B lymphocytes 
(3–5). Environmental conditions, particularly pH and 
temperature, play an important role in ANAE activity. 
Depending on the acidity or alkalinity of the environment 
esterases may terminate their activity to a large extent, 
similar to other hydrolytic enzymes. Maximum and 

minimum pH values prevail for the optimum enzyme 
activity of all known esterases. Variations in the 
activation of esterases and pH alterations determine the 
characteristics of the enzyme activator complex (6). The 
optimum pH range for nonspecific esterase activity is 
between 5 and 8 (7). 

Prothymocytes, which migrate from the bone 
marrow, enter the thymus via blood vessels found in the 
corticomedullary junction. After completing the 4 stages 
of maturation, these cells migrate from the subcapsular 
region to the cortex and then from the cortex to the 
medulla, eventually entering the blood circulation in the 
form of mature peripheral blood T lymphocytes (8). During 
this period the lymphocytes gain lysosomal enzymes such 
as ANAE. ANAE staining has demonstrated 2 types of 
positivity occurring in peripheral blood lymphocytes (9). 
The first, referred to as the dot-like positivity pattern, is 
characterized by the formation of one or several reddish-
brown colored granules and is specific to mature T 
lymphocytes (10). The second type of positivity observed 
upon ANAE staining is the fine granular positivity pattern. 
Several researchers have reported that B lymphocytes 
react negatively for ANAE staining (11). Depending on 
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the species and the staining method employed, ANAE 
positivity is observed in different forms in the other 
peripheral blood cells and platelets (Table 1). 

 Gestation is a physiological phenomenon characterized 
by the tolerance of the maternal immune system to paternal 
antigens expressed by the fetus. Under normal conditions, 
the semiallogenic embryo is obliged to develop strategies 
to protect itself from the attacks of the maternal immune 
system throughout gestation. Despite variations between 
animal species, all phenomena that restrict the reaction 
of the maternal immune system to the trophoblast cells, 
which carry paternal antigens and are formed in early 
gestation, are defined as maternal immune tolerance 
(19,20). The factor most significant for the development of 
maternal immune tolerance is the progesterone hormone, 
which has an immunosuppressive effect. The mode of 
action of progesterone, which is first secreted from the 

ovaries during the secretory phase of the sexual cycle, 
remains controversial. It is suggested that the progesterone 
receptors of T lymphocytes increase in number during the 
luteal phase of the sexual cycle and throughout gestation, 
and it is indicated that the progesterone hormone inhibits 
the proliferative activity of T lymphocytes (21). 

The present study aimed to demonstrate alterations in 
ANAE activity of peripheral blood leukocytes of kitten, 
adult, and pregnant Angora cats, a local breed.

2. Materials and methods
Blood samples were collected from the vena cephalica 
of 27 healthy Angora cats bred at Kırıkkale University. 
The animal care and protocol used were reviewed and 
approved by the ethics committee of Kırıkkale University 
(28.04.2008/19). 

Table 1. Distribution of ANAE positivity in the peripheral blood cells.

Researchers/animal species M E N/H P/T

Asti et al. (3)
Rata, chicken, sheep, goat, cattle, horse1, cat1, dog1a + + + -

Yoruk et al. (4) 
Van cat + + - *

Asti et al. (12)
Chicken + + + -

Sur et al. (13)
Pheasant (Phasianus colchicus) + + + *

Ergun et al. (14)
Ostrich (Struthio camelus masaicus) + - - -

Ergun et al. (15)
Turkey + + + -

Sandıkçı et al. (5)
Camel (Camelus dromedarius) + - - -

Özcan, (16)
Angora rabbit + + + +

Donmez et al. (17)
Kangal fish (Garra rufa) + + + -

Donmez and Sur (9)
Rock partridges (Alectoris graeca) + * + -

Altunay et al. (18)
Gazelle (Gazella subgutturosa) + + - -

*No information. 
M: monocytes, E: eosinophil granulocytes, N/H: neutrophil/heterophil granulocytes, P/T: platelet/
thrombocytes. 1: neutrophil granulocytes negative, a: thrombocytes positive.
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Two blood smears were prepared from heparinized 
blood samples and were dried at room temperature. 
To determine the ANAE activity, blood smears were 
fixed in a glutaraldehyde–acetone solution at −10 °C 
for 3 min and then air-dried. Then the smears were 
immersed in an incubation solution of phosphate buffer 
and hexazotized pararosaniline (pH 5.0) containing the 
enzyme substrate 0.25% alpha-naphthyl acetate (11). 
Finally, the incubation solution was adjusted to pH 5.8. 
The blood smears were counterstained with 1% methyl 
green (pH 4.2) for 20 min (9). 

The ratio of ANAE positivity in every smear was 
determined by counting 300 lymphocytes. The data was 
analyzed by one-way ANOVA (22). Duncan’s multiple 
range tests were performed when F-values were significant. 
P-values less than 0.05 were considered significant.

3. Results
Two types of ANAE (+) reaction were observed in the T 
lymphocytes of the Angora cats following a 3 h incubation 
period at pH 5.8. The first type of positivity was the dot-
like pattern, characterized by the presence of 1 to 2 large 
brown-red colored granules in the cytoplasm (Figure 1). 
The second type was a granular pattern identified by 3 to 5 
smaller granules of the same color (Figure 1). No reaction 
was observed in the B lymphocytes (Figure 2). Certain 
monocytes presented with a diffuse granular positivity 
pattern. Neutrophil, eosinophil, basophil granulocytes, 
and platelets (Figure 3) negatively reacted with ANAE 
staining. The blood cell counts of the pregnant, adult, and 
kitten Angora cats are presented in Table 2. 

4. Discussion
Esterases, which hydrolyze simple esters such as naphthyl 
acetate, are classified as nonspecific esterases. Nonspecific 
esterases are found in a wide range of cells, primarily 
mature T lymphocytes. ANAE, which is a lysosomal 
enzyme, is reported to give the cell a cytotoxic property 

(11). The main factors influencing enzyme activity are 
substrates, pH, and temperature. Thus, the pH levels at 
which enzymes are activated vary between animal species. 
To exemplify, the pH value at which ANAE is activated has 
been reported as 6.4 in Angora goats (3); 7.2 in chickens 
(2); 6.5 in dogs; 6.4 in pigs (23); 6.2 in horses and cattle; 
6.4 in rats and cats (3); and 5.8 in camels (5), turkeys (15), Figure 1. ANAE staining positivity types. Bar = 50 µm.

Figure 2. Reaction of peripheral blood lymphocytes with ANAE 
staining. Bar = 20 µm.

Figure 3. ANAE reaction in different blood cells. N: neutrofil, P: 
platelets. Bar = 20 µm.

Table 2. ANAE-positive peripheral blood lymphocytes rates in 
pregnant (n = 9), adult (n = 9), and kitten (n = 9) Angora cats. 
The values are shown as mean ± SEM in table.

                             Kitten Adult Pregnant 

Parameters (%) 4.5–6 months 1–3 years of age 15–30 days

ANAE+  68.37a ± 1.22 77.71b ± 1.63 62.89c ± 1.29

ANAE–   31.63a ± 1.22 22.29b ± 1.68 37.11c ± 1.30
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nibble fish (9), and Van cats (4). In the present study, 
optimum results were achieved with a 3 h incubation 
period at a pH level of 5.8, in contrast to Asti et al. (3) 
and in agreement with Yoruk et al. (4) for the Van cat. 
Differences among optimum pH levels reported for the 
same species are attributed to differences in the age of the 
animals used in the research, duration of the incubation 
period, and environmental temperature.

Enzyme cytochemical methods serve as a practical 
tool in the differentiation of peripheral blood cells and the 
distinction of tissue T lymphocytes from B lymphocytes. 
When compared to advanced methods, including 
immunohistochemical techniques and flow cytometry, 
ANAE staining is a cheaper and more rapid technique that 
can be used as a diagnostic method for immunoproliferative 
or immunosuppressive diseases. Marked alterations in the 
rate of ANAE positivity of peripheral blood lymphocytes 
occur with environmental conditions and immune 
disorders. In particular, significant increases or decreases 
in the ANAE positivity of lymphocyte rates may occur 
in viral diseases associated with lymphosuppressive and 
lymphoproliferative disorders (24).

The reactions that peripheral blood cells produce for 
ANAE staining also vary. ANAE positivity occurs in different 
patterns at lymphocytes, monocytes, and macrophages. 
Several researchers have reported the development of a dot-
like or fine granular pattern of positivity in T lymphocytes 
(9,10). Similar findings have been obtained in the present 
study. The activity of ANAE, known to give a cytotoxic 
property to the cell (11), varies among subtypes of T 
lymphocytes, suggesting that dot-like positivity occurs in 
cytotoxic T lymphocytes. However, this hypothesis needs 
to be tested by staining a cytotoxic T lymphocyte cell line 
grown in culture. On the other hand, B lymphocytes are 
known to react negatively for ANAE staining (11). In a 
study conducted by Asti et al. (3), monocytes produced a 
positive reaction; a diffuse pattern in rats, sheep, and dogs; 
a strong granular pattern in cats, cattle, and goats; and a 
weaker granular pattern in horses and chickens. Yoruk et al. 
(4) reported a diffuse granular positivity in the monocytes 
and eosinophil granulocytes of the Van cat. In our study, 
while a diffuse granular positivity was observed in some 
monocytes, in contrast to the report by Yoruk et al. (4) for 

the Van cat, eosinophil granulocytes reacted negatively. It 
is suggested that neutrophil granulocytes react negatively 
for ANAE staining in cats, dogs, and horses (3). The same 
literature indicates a negative reaction produced by platelets 
in cats, horses, cattle, sheep, and goats and by thrombocytes 
in chickens, while a strong granular positivity is observed in 
rats and dogs. In the present study, neither granulocytes nor 
platelets produced a positive reaction for ANAE staining 
after a 3 h incubation period at pH 5.8.

Previous studies investigating the effect of pregnancy on 
peripheral blood cells frequently focused on lymphocytes 
or subtypes. A significant decline is reported in the 
number of T lymphocytes, B lymphocytes, natural killer 
cells, and neutrophil granulocytes during early gestation 
in mares (25), cows (26), and ewes (27). These studies 
have also revealed an increase in the number of ANAE (+) 
cells as gestation advances. Çelik et al. (28) reported that 
ANAE-positive lymphocytes were detected on the 60th 
day of gestation in the periphery blood circulation of the 
fetuses, and that the rate of positive lymphocytes increased 
with the advance of gestation in bovine fetuses. In another 
study investigating the T lymphocyte rates in the periphery 
blood circulation of cattle of varying age, Çelik et al. (29) 
determined that the T lymphocyte rate, which was high 
during the first few days of life, tended to decline, reaching 
its peak at 6 to 7 years of age and declining once again 
at 8 to 9 years of age. Thus, these researchers suggested 
that T lymphocyte rates follow a fluctuating course in the 
periphery blood in cattle. Similar findings were obtained 
in the present study. The rates of ANAE (+) lymphocytes 
in pregnant, adult, and kitten Angora cats were 62.89 ± 
1.29%, 68.37 ± 1.22%, and 77.71 ± 1.63%, respectively. 
These findings demonstrated that the T lymphocyte rate, 
which decreased during gestation in the Angora cat, 
increased over time and reached its peak in adult animals 
with the development of the immune system.

In the present study ANAE staining performed at a pH 
level of 5.8 enabled the differentiation of T lymphocytes, 
which reacted positively, from B lymphocytes. In addition, 
the number of T lymphocytes differed between pregnant, 
adult, and kitten Angora cats. These differences were 
attributed to either the development or the inhibition of 
the immune system.

References

1.	 Aydin MF, Celik I, Sur E, Oznurlu Y, Telatar T. Enzyme 
histochemistry of the peripheral blood lmyphocytes in Arabian 
horses. J Anim Vet Adv 2010; 9: 920–924.

2.	 Maiti NK, Saini SS, Sharma SN. Histochemical studies on 
chicken peripheral blood lymphocytes. Vet Res Commun 1990; 
14: 207–210.

3.	 Asti RN, Alabay B, Kurtdede N, Altunay H, Ergun L. 
Determination of alpha-naphthyl acetate esterase activity in 
peripheral blood leukocytes in the different animal species. 
Ankara Univ Vet Fak Derg 1996; 43: 129–133.

4.	 Yoruk M, Asti RN, Kurtdede N, Agaoglu Z, Altunay H. Light 
and electron microscopic studies on alpha naphthyl acetate 
esterase activity of the peripheral blood T lymphocytes in Van 
cats. Anat Histol Embryol 1998; 27: 289–292.

http://dx.doi.org/10.1007/BF00347739
http://dx.doi.org/10.1007/BF00347739
http://dx.doi.org/10.1007/BF00347739
http://dx.doi.org/10.1111/j.1439-0264.1998.tb00195.x
http://dx.doi.org/10.1111/j.1439-0264.1998.tb00195.x
http://dx.doi.org/10.1111/j.1439-0264.1998.tb00195.x
http://dx.doi.org/10.1111/j.1439-0264.1998.tb00195.x


61

BAYRAKTAROĞLU et al. / Turk J Vet Anim Sci

5.	 Sandıkçı M, Kum S, Eren U. Develerin (Camelus dromedarius) 
perifer kan lökositlerinde alfa-naftil asetat esteraz aktivitesinin 
belirlenmesi. Ankara Univ Vet Fak Derg 2005; 52: 13–16 (in 
Turkish).

6.	 Bergmann F, Rimon S. The effect of pH variations on the 
activities of c-esterase. Biochem J Oct 1958; 70: 339–344.

7.	 Baycu C, Niemi M. Alpha-naphthyl acetate esterase activity 
of Percoll-isolated rat Leydig cells: electron and histochemical 
study. Turk J Med Res 1995; 13: 172–175.

8.	 Pearse G. Normal structure, function and histology of the 
thymus. Toxicol Pathol 2006; 34: 504–514.

9.	 Donmez HH, Sur E. Hematology and enzyme histochemistry 
of the peripheral blood leucocytes in rock partridges (Alectoris 
graeca). Poultry Sci 2008; 87: 56–60. 

10.	 Kajikawa DVM, Koyama H, Yushikawa T, Tsubaki S. Use 
of alpha naphthyl acetate esterase staining to identify T 
lymphocytes in cattle. Am J Vet Res 1983; 44: 1549–1552.

11.	 Mueller J, Brun del Re G, Buerki H, Keller HU, Hess MW, 
Cottier H. Nonspecific acid esterase activity: a criterion for 
differentiation of T and B lymphocytes in mouse lymph nodes. 
Eur J Immunol 1975; 5: 270–274.

12.	 Aşti RN, Kurtdede N, Ozen A. Light and electron microscopic 
studies on alpha naphthyl acetate esterase activity of peripheral 
blood T lymphocytes in chicken. Dtsc Tierarztl Wschr 1999; 
106: 397–399.

13.	 Sur E, Celik I, Oznurlu Y, Aydin MF. Determination of the 
ratio of peripheral blood lymphocytes and α-naphthyl acetate 
esterase (ANAE) activity in the lymphocytes of young and adult 
pheasants (Phasianus colchicus). Vet Bil Derg 2004; 20: 87–93.

14.	 Ergun E, Ergun L, Ozen A, Asti RN. Determination of 
α-naphthyl acetate esterase activity in the peripheral blood 
leukocytes of ostrich (Struthio camelus masaicus). Rev Vet Med 
2004; 155: 147–150.

15.	 Ergun L, Ozen A, Ergun E, Asti RN. Alpha naphthyl acetate 
esterase activity in the peripheral blood leukocytes of turkeys. 
Ind Vet J 2004; 81: 431–434.

16.	 Özcan Z. Determination of α-naphthyl acetate esterase activity 
in the peripheral blood leukocytes in Angora rabbits. Turk J Vet 
Anim Sci 2005; 29: 881–884.

17.	 Donmez HH, Sur E, Boydak M. Determination of alpha 
naphthyl acetate esterase activity in peripheral blood leucocytes 
of Kangal fish (Garra rufa). Vet Bil Derg 2007; 21: 81–84.

18.	 Altunay H, Harem IS, Harem MK, Asti RN, Kurtdede N. 
Determination of acid α-naphthyl acetate esterase enzyme 
activity in peripheral blood leukocytes of gazelles (Gazella 
subgutturosa). Biotechnic and Histochemistry 2008; 83: 279–
283.

19.	 Sur E, Aydin I, Oznurlu Y, Ozaydin T, Celik I, Kadiralieva N. 
Merinos ırkı sağlıklı gebe koyunların perifer kan lenfositlerinde 
alfa naftil asetat esteraz ve asit fosfataz aktivitelerinin 
belirlenmesi. Kafkas Univ Vet Fak Derg 2013; 19: 483–488 (in 
Turkish).

20.	 Nasar A, Rahman A. Hormonal changes in the uterus during 
pregnancy-lessons from the ewe: a review. J Agric Rural Dev 
2006; 4: 1–7.

21.	 Cuello F, Martinez R, Grosso C, Vivas A. Peripheral lymphocytes 
response to progesterone during early pregnancy in pig. Redvet 
2006; 7: 1–6.

22.	 SPSS 10.0 for Windows. SPSS Inc., Chicago, IL, USA. 1999.

23.	 Osbaldiston GW, Sullivan RJ. Cytochemical demonstration of 
esterases in peripheral blood leukocytes. Am J Vet Res 1978; 
39: 683–685.

24.	 Sen I, Turgut K, Celik I, Kiran MM. The importance of 
lymphocyte enzyme profile, inclusion bodies in circulating 
leukocytes conjunctival smear samples in the diagnosis on 
canine distemper virus infection. Indian Vet J 2002; 79: 213–
217.

25.	 Agricola R, Carvallao H, Barbosa M, Pereira M, Medeiros JAS, 
Ferreira-Dias G. Blood lymphocyte subpopulations, neutropil 
phagocytosis and proteinogram during late pregnancy and 
postpartum in mares. Reprod Domest Anim 2008; 43: 212–217.

26.	 Sur E, Aydın I, Öznurlu Y, Telatar T, Çelik İ. Sağlıklı gebe 
sığırların perifer kan lenfositlerinde alfa naftil asetat esteraz ve 
asit fosfataz aktivitelerinin belirlenmesi. Vet Bil Derg 2008; 24: 
5–12 (in Turkish).

27.	 Pisek L, Travnicek J, Salat J, Kroupova V, Soch M. Changes 
in white blood cells in sheep blood during selenium 
supplementation. Veterinarni Medicina 2008; 53: 255–259.

28.	 Çelik I, Aştı RN, Boyraz MU. Sığır fötal perifer kan 
lenfositlerinin alfa-naftil asetat esteraz aktivitesi üzerinde ışık 
mikroskopik çalışmalar. SÜ Vet Fak Derg 1992; 8: 41–44.

29.	 Çelik I, Aştı RN, Kadak R, Işık MK. Farklı yaşlardaki sığırların 
perifer kan T-lenfosit oranlarında görülen değişiklikler. 
Hayvancılık Araş Derg 1994; 4: 68–72.

http://dx.doi.org/10.1080/01926230600865549
http://dx.doi.org/10.1080/01926230600865549
http://dx.doi.org/10.3382/ps.2007-00328
http://dx.doi.org/10.3382/ps.2007-00328
http://dx.doi.org/10.3382/ps.2007-00328
http://dx.doi.org/10.1002/eji.1830050411
http://dx.doi.org/10.1002/eji.1830050411
http://dx.doi.org/10.1002/eji.1830050411
http://dx.doi.org/10.1002/eji.1830050411
journals.tubitak.gov.tr/veterinary/issues/vet-05-29-3/vet-29-3-44-0406-1.pdf
journals.tubitak.gov.tr/veterinary/issues/vet-05-29-3/vet-29-3-44-0406-1.pdf
journals.tubitak.gov.tr/veterinary/issues/vet-05-29-3/vet-29-3-44-0406-1.pdf
http://dx.doi.org/10.1080/10520290802602075
http://dx.doi.org/10.1080/10520290802602075
http://dx.doi.org/10.1080/10520290802602075
http://dx.doi.org/10.1080/10520290802602075
http://dx.doi.org/10.1080/10520290802602075
http://dx.doi.org/10.1111/j.1439-0531.2007.00879.x
http://dx.doi.org/10.1111/j.1439-0531.2007.00879.x
http://dx.doi.org/10.1111/j.1439-0531.2007.00879.x
http://dx.doi.org/10.1111/j.1439-0531.2007.00879.x

