
Introduction

The peripheral blood leukocytes are classified as T or
B lymphocytes depending on their immunological
properties (1,2). Although it is possible to differentiate
the T lymphocytes and B lymphocytes by E rosette and
EAC rosette techniques, respectively, these techniques are
expensive, time consuming and are not applicable to
tissue sections (2). For these reasons, investigators have
directed their studies on enzyme activities (3-6). In recent
years, several studies have been reported on the presence
of alpha naphthyl acetate esterase (ANAE), a nonspecific
esterase, activity in T lymphocytes but not in B
lymphocytes (3,5,7-9).

The staining properties of the peripheral blood
lymphocytes to ANAE have been shown to vary depending
on the pH of the stain in humans and various animal
species (5,8,10). The optimal staining pH values have

been reported to be 5.8 in humans (8), 6.4 in pigs (11),
5.0 in rats (6), 6.5 (12), 5.8 (13) in dogs, 7.2 (14), 5.8
(13) in chicken, 5.8 in sheep and goats (13), 6.2 in
horses and cattle and 6.4 in cats (13).

It has been shown that ANAE positive reaction of T
lymphocytes appear as 1-2 localized granules, while B
lymphocytes give negative reaction with monocytes
showing diffuse staining in the peripheral blood of
humans and other animals (3,6,7,11,13). The rates of T
lymphocytes have been found to be 60% in humans (8),
64.2% in cattle (9) and 56% in chickens in the peripheral
blood by ANAE staining (14).

The neutrophil granulocytes were reported to be
stained negatively by ANAE, in humans (3,5,9), pigs (12),
dogs (13), cats (12,13), and horses (13), while those of
rats (12,13), guinea pigs (12), sheep and goats (12,13),
and cattle (13) gave positive reactions.
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Abstract: The aim of this study was to determine the alpha naphthyl acetate esterase (ANAE) activity in the peripheral blood
leukocytes in Angora rabbits.

The heparinized blood samples obtained from 10 healthy adult Angora rabbits were used. ANAE stainings were applied at different
pH values for the determination of ANAE activities.

The ANAE positive reactions were observed in the T lymphocytes, monocytes, neutrophils, eosinophils and platelets. The ANAE
positive lymphocyte rate was found to be 68.2%.
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Ankara Tavflanlar›n›n Perifer Kan Lökositlerinde Alfa Naftil Asetat Esteraz Aktivitesinin
Belirlenmesi

Özet: Bu çal›flma Ankara tavflanlar›n›n perifer kan lökositlerinde alfa naftil asetat esteraz aktivitesinin belirlenmesi amac›yla yap›ld›.

Çal›flmada materyal olarak 10 adet sa¤l›kl› ve eriflkin Ankara tavflanlar›ndan al›nan heparinize kan örnekleri kullan›ld›. ANAE
aktivitesinin belirlenmesi için de¤iflik pH' larda ANAE boyamas› uyguland›.

‹ncelenen preparatlarda T lenfosit, monosit, nötrofil ve eozinofil granulositler ile kan pulcuklar›nda ANAE'ye karfl› pozitif reaksiyona
rastland›. ANAE pozitif lenfosit oran› % 68,2 olarak saptand›.

Anahtar Sözcükler: Lökosit, ANAE aktivitesi, Ankara tavflan›

Research Article



In eosinophil granulocytes the stainings against ANAE
were negative in humans (3,15), rats, cats, sheep and
goats (12), and positive in dogs (12), cattle, sheep and
goats (13).

In platelets of cats, horses, cattle, sheep and goats and
the thrombocytes of chicken, ANAE stainings were
negative and in contrast, the strong granular positive
reactions were reported in rats and dogs (13).

The aim of this study was to determine the alpha
naphthyl acetate esterase activities in the peripheral blood
leukocytes in Angora rabbits.

Materials and Methods 

The heparinized blood samples taken from 10 healthy
Angora rabbits were used as materials in this study. The
smears were prepared from the heparinized blood
samples from each animal and dried at room
temperature. Then, they were fixed in glutaraldehyde-
acetone fixative at -10 ºC for 3 minutes. Afterwards,
smears were washed 3 times in distilled water and dried
at room temperature.

To determine the ANAE activity, an incubation
solution prepared by adding to a 40 ml portion of an
0.067 M phosphate buffer (pH 5.0) 2.4 ml of
hexazotized pararosanilin solution and a 0.4 ml acetone in
which 10 mg of alpha naphthyl acetate had been
dissolved, was used (6). The incubation solutions were
adjusted to 7 different pH values using a 2N NaOH as 5.0,

5.4, 5.8, 6.2, 6.4, 6.8, and 7.2 and for each pH value 3
hourly stainings were carried out and smears were
counterstained with methylene blue for 10 minutes. The
positive lymphocyte rates were determined by counting
300 lymphocytes in every smear (x 40 magnification).

Results

ANAE positive stainings were observed in the
lymphocytes at different pH values, however, the best
reaction was noted at pH 5.8. A greater proportion of
the ANAE positive lymphocytes was observed to contain
1-2 specific granules (Figure 1, arrows). In some
lymphocytes, the granule counts were noticeably higher
(Figure 2, arrows).

The results of the ANAE stainings in lymphocytes are
shown in Table. The ratio of the ANAE positive
lymphocytes was 68.2% while that of negatively staining
ones were found to be 31.8%.

The monocytes were observed to exhibit diffuse
staining at all pH values, with the strongest reaction
recorded at pH 6.2 (Figure 3, arrow). 

The granular positivity was observed in the neutrophil
(Figure 4, arrows) and eosinophil granulocytes at all pH
values applied. The best reaction, however, was at pH
6.2.

Also, in the platelets, the granular positivity was
observed at all pH values (Figure 5, arrows). The
strongest reaction was noted at pH 6.2.
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Figure 1. ANAE staining (pH 5.8) in Angora rabbit. Arrows: ANAE
positive granules in T lymphocyte. ANAE x 1280.

Figure 2. ANAE staining (pH 5.8) in Angora rabbit. Arrows: ANAE
positive granules in T lymphocyte. ANAE x 1150.



Discussion

Several investigators have worked on the lysosomal
enzymes to identify the peripheral blood lymphocytes
(3,4,6,13). In recent years, alpha naphthyl acetate
esterase has been reported to be present in T
lymphocytes but not in B lymphocytes (3,5,8,16).

In the studies conducted on the peripheral blood T
lymphocytes of humans (8,10,15), positive reactions in
the T lymphocytes have been reported to present as
single red granules with ANAE staining. In this study,
also, as mentioned above by other workers, ANAE
positive reaction was encountered as 1-2 granules,
however, in some lymphocytes the number of granules
demonstrating positive reaction was noted to be more
than two.

In some studies, the best reaction for ANAE positivity
has been reported to be at pH 5.8 in the peripheral blood
of humans (5,8,10), pH 8 (3), at pH 6.4 in swine (11),
at pH 6.5 (12), pH 5.8 (13) in dogs, at pH 7.2 (14), pH
5.8 (13) in chicken, at pH 5.8 in sheep and goats, at pH
6.2 in cattle and horse, at pH 6.4 in cats (13). In this
study the best reaction of the lymphocytes against ANAE
staining was obtained at pH 5.8. These findings are in
agreement with those reported by other workers in
humans (5,8,10), chicken, dogs, sheep and goats (13).
However, it does not seem to agree with the findings
reported by other authors in humans (3), dogs (12),
chicken (14), and horses and cattle (13).

In studies conducted in humans, the ratio of ANAE
positive T lymphopcytes in the peripheral blood has been
reported to be 85% (8), 70% (5), and 63% (10). This
ratio has been reported as 68% in cattle (16), and 56%
in chicken (14). In this study the ANAE positive
lymphocyte ratio was found to be 68.2%. The ratio is in
accordance with those of humans and cattle, but
considerably higher than chicken. 
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Figure 3. ANAE staining (pH 6.2) in Angora rabbit. M: diffuse ANAE
positive reaction in monocyte. ANAE x 1550.

Figure 5. ANAE staining (pH 6.2) in Angora rabbit. Arrows: ANAE
positive reaction in platelets. ANAE x 1150. 

Figure 4. ANAE staining (pH 6.2) in Angora rabbit. N: ANAE positive
granules in neutrophil granulocyte (arrows). ANAE x 980.

Table. ANAE stainings in the peripheral blood lymphocytes in Angora
rabbits.

Lymphocyte (%)
Number of animals

ANAE positive ANAE negative

10 68.2 31.8



Also, in monocytes, staining was observed to be
diffuse at all pH values. The findings obtained from
monocytes are also in accordance with those of other
authors (3-5,7,13).

Against ANAE staining the neutrophil granulocytes
have been reported to give negative reactions in humans
(3,9,12,15), swine (12), cattle (9), cats (12,13), dogs
and horses (13) but positive in rats, guinea pigs (12),
sheep and goats (12,13), while others have been
reported to give positive staining in cattle (13). In this
study, a positive reaction to the ANAE stain was observed
in the neutrophil granulocytes. These findings supports
the findings by other investigators in rats, guinea pigs,
sheep, goats, and cattle as mentioned above, while it
contrasts with those obtained from humans, swine, cats
and dogs.

In eosinophil granulocytes negative reactions against
ANAE have been reported for humans (3,5,9,15), cattle

(9), rats, cats, sheep and goats (12) and positive
reactions for dogs (12,13), rats, horses, cattle, sheep and
goats (13). Since positive reactions are observed in this
study, our findings are not in accordance with those
reporting negative reactions in humans (3,5,9,15) rats,
sheep and goats (12), and cattle (9).

In contrast to the negative staining of the platelets in
the cats, horses, cattle, sheep and goats to ANAE, positive
reactions have been reported in rats and dogs (13). The
results obtained from this study seems similar to those of
obtained by other workers studied rats and dogs.

According to the results obtained from this study, it
was concluded that the peripheral blood leukocytes of the
Angora rabbits gave the best reaction against the ANAE
stain at pH 5.8 for lymphocytes, and pH 6.2 for
monocytes, neutrophils and eosinophil granulocytes and
platelets, and the peripheral T lymphocytes could be
determined specifically by ANAE demonstration.
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