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Differentiation of eosinophilic granulocytes
of carp (Cyprinus carpio L.)

NADA KRALJ-KLOBUCAR

Department of Zoology, Faculty of Natural Sciences, Zagreb, Republic of Croatia, Yugoslavia

ABSTRACT Electron-microscopic studies were conducted to observe ultrastructural changes dur-
ing differentiation of eosinophilic granulocytes in carp (Cypr;nus carpio L,). Differentiation at the
myelocyte stage was found to relateto specific granules made of dense and light fields. By maturation
they assume a mosaic-like texture and in each granule of mature granulocytes, a light, central
uinternumn and a peripheral dense wrapper can be distinguished. The activity of peroxidase and acid
phosphatase is located in the internum and of peroxidase in the wrapper of the granules.
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Introduction

Electron-microscopic studies and histochemical techniques have
shown that the granules of eosinophilic granulocytes contain the
enzymes acid phosphatase and peroxidase (Seeman and Palade,
1967; Miller and Herzog, 1969; Bainton and Farquhar, 1970;
Presentey et al., 1980). In the eosinophils of various animals the
enzyme content varies, as does the form of the granules (Fey, 1966;
Miller et al., 1966; Scott and Horn, 1970; Cannon et al., 1980). In
fishes the presence of eosinophilic granulocytes was confirmed by
recent electron microscopic investigations (Turdyev, 1976; Bielek,
1981). In our studies we observed the differentiation of the carp's
eosinophilic granulocytes, the ultrastructural composition of their
granules, and related cytochemical reactions.

Results

In the kidney of the carp (Cyprinus carpio L.), among secretory
tubules, the located tissue constitutes various developing stages
of blood cells. Among a great number of heterogeneous cells we
determined the cells corresponding to the developmental series of
eosinophilic granulocytes. Special attention was given to transitory
stages when in the cell there are granules of different differentiation
degrees incorporating the characteristics of neighboring stages in
the process of maturation.

The analysis of the ultrastructural morphology of the granules of
eosinophilic granulocytes suggests a characteristic sequence in
their differentiation.

Dense, homogeneous granules which differentiate at the
promyelocyte stage (Fig. 1) and are also numerous in early myelocytes
correspond to primary granules. Their number in later stages,
probably due to the cell division, is considerably reduced.
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The second type of granule that starts forming in early myelocytes
corresponds to specific granules. In early myelocytes the granules
are large, of a fluffy content, and only partially condensed (Fig. 2).
At the myelocyte stage the cytoplasm is filled with specific granules
of various condensation degrees. In the Golgi zone there are initial
developing forms of specific granules built of a dense and separate
light zone. Towards the cell periphery the granules grow in size, their
dense and light content intermingles, and they assume a mosaic-
like texture (Figs. 3 and 4). In metamyelocytes, along with the
granules of a mosie-like texture, specific granules with a round
central fluffy zone surrounded with a dense wrapper are formed (Fig.
5). In mature eosinophilic granulocytes all granules have a central
zone, the -internum-, surrounded by a dark wrapper which is often
elongated at one end, giving the granules an elliptic form (Fig. 6).

The activity of peroxidase is present in immature and mature
specific granules. In mature granules it is located in the peripheral
wrapper but also in the central -internum- (Fig. 7).

Acid phosphatase is found in the Golgi lamellae, in the
extragranular cytoplasm, and in the .internum.. The reaction is
particularly pronounced in the border-line zone of the -internum-, in
the direction of the wrapper (Fig. 8). Since, along with the formed
granules, the granules of the mosaic-like texture are also present
in the cell, it is concluded that the cell is a late myelocyte, with
possibly incompletely condensed granules.

Discussion

Changes were observed in the ultrastructural composition of
granules during the maturation of eosinophilic granulocytes of carp
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Figs. 1-4. Electron micrographs represent stages of eosinophil granulocyte maturation. (1) Progranulocyte, probably eosinophilic. A large nucleus
and numerous granules in the vicinity of the Goigi zone. Tiny vesicles are mixed with the matrix of large primary granules. x30, 000. fZ) Promyelocyte.
Along wirh the primary granules (PG) with a dense, homogeneous content, there are also largergranu/es wirh a delicate. fluffy content which is only partly
condensed (SG, secondary granules). x28,500. !3J Myelocyte. Secondary granules with content condensed of dark and light areas, and also the granules
of a fine mosaic-like structure. x9200. (4) Myelocyte. In the central part. along with the Goigi zone, there are polar built granules composed of a dense
and a light half. In the cell periphery the granules are of a mosaic-like texture, with intermixed dense and light areas. x 14,400.
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Figs. 5-8. Electron micrographs represent stages of eosinophil granulocyte maturation. (11 Metamyelocyte. The cell contains the granules of a
mosaic-like texture, bur also granules with a round, vacuolar uinternumJ!. The central "internum!! ISclearly divided from the peripheral wrapper, irs content
filled with minute grains which In some granules IS extracted, making the (/internumJJ appear empty. x18,500. (6) Mature eosinophilic granulocyte. All
the granules contain a centrall/internumJJ. x9200. (71 Mature eosinophilic granulocyte. The aetlv/tyof peroxidase is located in the wrapper and internum
of mature specific granules. Near the Golgi zone there are smaller, peroxidase negative, granules which probably correspond to Iysosomes (L). x 18,500.
(8) Metamyelocyte. The activity of aCid phosphatase is located in the intergranularendoplasmatic reticulum and the (finrernumll zone of mature specific

granules. The activity is particularly pronounced in the border-line zone, in the direction of the wrapper. x81, 000,
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(Cyprinus carpio L.). Due to the lack of ultrastructural information on
the mechanism of granulocyte formation in fishes. our description
is similar to that observed in higher vertebrates. Promyelocytic,
myelocytic, and metamyelocytic stages forthe different granulocytic
lines have been reported. The differentiation includes the formation
of characteristic granules of each type (Bainton and Farquhar,
1970). At the progranulocyte stage the primary granules are formed
and at the myelocyte stage the secondary or specific granules are
formed. Mature specific granules of eosinophilic granulocytes of the
carp contain a characteristic .internumo,

For specific granules a certain enzymatic composition is char-
acteristic. During the differentiation of eosinophilic granulocytes in
rabbits and rats, the activity of peroxidase is recorded in immature
and mature specific granules, while the activity of acid phosphatase
was found only in immature specific granules (Bainton and Farquhar,
1970).

The enzymatic activity of the granules of the carp's eosinophilic
granulocytes corresponds that activity of specific granules. Acid
phosphatase is present in the central-internum- and the peripheral
wrapper of the granules. A crucial role in proving the presence of
peroxidase is played by the medium pH (Kelenyi and Nemeth,
1969), the positive activity having been found at pH 9, while the
lower values showed no activity, The results of Bielek (1981) are in
agreement with this, indicating a significant activity of the peroxidase
reaction at pH 9 in the eosinophilic granulocytes of the three kinds
of fishes, the carp included. Our results also conform with this.

The -internum- zone of carp's specific granules contains the
activity of both acid phosphatase and peroxidase, thus showing its
proteinic nature. The -internum. cannot be compared with the
crystal-like (Bainton and Farquhar. 1970) orthe myelin-like cylindrical
structure (presentey et al., 1980) in the core of the animal's
eosinophilic specific granules, since in them neither the activity of
acid phosphatase nor the activity of peroxidase was determined.
The .internum- corresponds to the structure described by Kelenyi
and Nemeth (1969) as a -hole-. These authors suggest that it may
represent the sites of the interaction of the granules and the
cytoplasm. Our studies suggest that the internum is neither a -hole-
nor a part of the cytoplasm but the integral part of specific granules.

Materials and Methods

Observations were made on hemopoietic tissue of the carp (Cyprinus carpio
L.) located between the kidney tubules. Tissue was fixed in 5%glutaraldehyde

in 0.2 M Na-cacodylate buffer pH 7.2 at4CC for 3-4 hours. Cryostat sections
30 micra thick were incubated 30 min at 25°C in medium for peroxidase
(Graham and Karnovsky, 1966) containing 2% solution of 3.3'-

diaminobenzidine tetrahydrochloride (DAB) and 1% H202.lncubations were
carried out at pH 7.6 and pH 8.9. Controls consisted of adding 0.01 M KCN
to the medium or of omitting the substrate.

Acid phosphatase was demonstrated on sections incubated in a medium
(Barka, 1964) with 8-glycerophosphate and lead nitrate at pH 5.2. for60 min
at 37~C. Controls were carried out by adding 0.01 M NaF to the medium.

After incubation, the sections were embedded in EPON 812 and cut by
ultramicrotom Reichert Om-Uj2 at 60-90 nm. They were stained with 4%
uranU acetate and 1.3% alkaline lead citrate (Reynolds, 1963). The control
sections were observed unstained. The observations were carried out by a
Zeiss EM 9 electron microscope.
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