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MORPHOLOGIC AND MORPHOMETRIC ASPECTS OF OENOCYTES OF APIS
MELLIFERA QUEENS AND WORKERS IN DIFFERENT PHASES OF LIFE
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Oenocytes of adult workers and queens of Apis mellifera L. were studied in different ages
or life stages, by means of morphometric and histologic lechniques. In workers, the oenocytes
were found in the head, near the mandibles and in the abdomen, immersed in fhe parietal fat
body mainly below the sterna, close to the wax glands. In queens, ftwo populations of oenocytes
different in size and localization were found within the parietal and visceral fat body, respec-
tively. The oenocytes of workers and queens show the presence of acid lipids and acid phos-
phatase. The role of these cells in the castes differences is discussed.
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Oenocytes are usually large ovoid cells with
a dense, hyaline, and acidophilic cytoplasm.
They arc formed in the embryo, or derived
from the larval epidermis. Although easily
identified and many times observed changing
in relation to the molt cycle, their metabolic
function 1s not yet well known.

They appear scattered throughout the in-
sect body, but mainly in the abdomen, below
the epidermis or in small clusters near the
spiracles, attached to tracheal trunks, or em-
bedded in the fat body cells (Bernard &
Philogene; 1967; Evans, 1967). The localiza-
tion may change in different stages of the insect
development.

Oenocytes may be involved in the synthe-
sis of lipidic and lipoproteic materials which
are deposited 1n the epicuticle in order to make
the 1nsect surface impermeable (Kramer &
Wigglesworth, 1950; Wigglesworth, 1970;
Dielph, 1973, 1973) or they may participate in
the production of ecdysteroids that act during
molting (Locke, 1969; Romer, 1974; Rinter-
knecht, 1985; Rinterknecht & Matz, 1983).
Rinterknecht et al. (1969, 1972, 1973) also

believe their role to be the elimination of tox-
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ins by insects. These functions attributed to
oenocytes are in accordance with the obvious
development of the smooth endoplasmic reticu-

lum of these cells (Ksiazkiewicz-Kapraleka,
1984; Cruz-Landim, 1985).

Stoppie et al. (1981) observed that during
vitellogenesis of Sarcophaga bullata, the -
oenocytes release a compound of unknown
nature, that could have some role 1n vitellogenin
production by females.

As the oenocytes function 1s not yet very
well known, the purpose of this paper is: (a) to
compare workers and queens for the localiza-
tion, morphology and distribution of oenocytes
throughout the body; (b) to search for differ-
ences 1n oenocyte number, size and content in
different ages or phases of bees life, in order
to investigate the possible role of these cells in
this insect.

MATERIALS AND METHODS

The material used in the studies were adult
workers, 0, 5, 12, 17 and 29 days old and
newly emerged (QE), just mated (MQ), laying
(LQ) and old (postlaying) queens (OQ). Five
individuals of each age or stage were studied.

Histological techniques — The bees (work-
ers or queens) in the desired phase were
anaesthesized with ether, and had their heads,
thoraxes and abdomes separated. The separated
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parts were fixed in alcoholic Bouin mixture
during 24 hours and embedded in paraffin. The
bee parts were them sectioned at 7 um thick-
ness and stained with hematoxylin and eosin
for general morphological studies. Also fat
bodies dissected from abdomens of workers
and queens were spread on glass microscope
slides previously covered with a thin layer of
albumin-glycerin and stained with Sudan Black
B (Junqueira & Junqueira, 1983) and Nile’s
Blue (Behmer et al., 1976) for lipids, and lead
nitrate (Mello & Vidal, 1980) for acid phos-
phatase.

Morphometric techniques — The cellular and
nuclear volumes, nucleus/cytoplasm (N/C) ra-
tio and oenocyte number were calculated for
workers and queens at all ages and stages stud-
1ed.

Statistical analyses — The Kruskal Wallis
test (Siegel, 1979) was applied for means com-
parison, of cellular and nuclear volume and
the N/C ratio of the oenocytes. The U-Test of
Mann-Whitney (Siegel, 1979) was used in order
to determine if the observed differences were
significant at a level of 5%.

RESULTS AND DISCUSSION

Oenocytes localization - The localization
of oenocytes does not vary much in the differ-
ent groups of insects. They can be found prac-
tically in all parts of the body, but seem pre-
dominate in the abdomen, connected to other
cells, other tissues, or free (Bernard &
Philogene, 1967). They are often located be-
low the epidermis spread in the fat body (Evans,
1967, Pajni, 1968, Ksiazkewicz-Kapralska,
1984).

In adult workers and queens of Apis
mellifera the abdominal oenocytes appear
among the panetal fat body cells (Figs 10, 11),
with an exception of newly emerged queens,
where they appear also in the perivisceral fat
body (Fig. 11). In the other stages of the queen
[itfe they appear more frequently in the sterni-
tes of the medial area of the gaster. In workers
they are located close to the sternites where
the wax glands develop (Fig. 10).

Marphafﬂgj; and morphometric analysis in
workers — In general, the oenocyte tends to be
spherical and have a well defined nucleus.

In the worker’s head, these cells appear in
small groups, just below the epidermis of the
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mandible (Fig. 9). Due to their subepidermic
localization, we suppose that they act in pro-
duction of compounds, that are liberated to the
cuticle, specifically of the mandible articula-
tion area.

The number of oenocytes in the head of
workers 1n very small compared with the ab-
domen (Fig. 4, 9D), varying from zero to 12
in the studied specimens. Although the aver-
age number found in 0-5 days old worker was
6, the young-workers tend to have less
oenocytes than the old ones. The oenocytes of
the head are larger than those of abdomen,
exhibiting cellular and nuclear volumes (N/C
ratio) bigger than those found in the abdomen
(Fig. 1, 2, 3 and Table I).

1ﬂpm3

B

0 5 12 17 2
Days
B Abdomen YY) Head

Fig. |: distribution of cellular volumes of head and
abdominal cenocytes along the worker life cycle.

In workers, just emerged and five days old,
the abdominal and head oenocytes exhibited
nuclei less visible than in other ages (Figs 9,
10) and the abdominal oenocytes of workers
12, 17 and 29 days old are more acidophilic
(as indicate by the cytoplasm eosinophily) than
those of workers newly emerged and five days
old (Figs 10A, B, C, D, E).

Kramer & Wigglesworth (1950) verified
that oenocytes of bees that were secreting wax
are larger and have cytoplasm that stain deeply
with hematoxylin (are basophilic), while in
foraging bees, the cytoplasm appeared pale,
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with exception of the nuclear surroundings and
the cells are smaller. This 1s not 1n accordance
with that observed here since in 12 days oid
workers, the oenocytes exihibited acidophilic
granular cytoplasm, with large and well de-
fined nucleus (Figs 10C, D, E) and the mor-
phometric evaluation shows that cellular vol-
ume does not decrease in foraging bees (Fig.
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Fig. 2: distribution of nuclear volumes of head and
abdominal oenocytes along the worker life cycle,
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Fig. 3: nucleo/citoplasmatic ratio of worker head and
abdomtnal oenocytes.

TABLE 1

H-values obtained from Krustal Wallis test applied to
celiular and nuclear volumes and N/C ratio of Apis
mellifera worker and queen oenocytes

Cellular Nuclear N/C ratio
volume volume
Worker 97,867 26,904 42,26%
abdomen
Worker 77,034 39,624 20,719
head
Queen 49 487 50,564 46,294

a: significant values at 5% level.
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Fig. 4: distributions of head and abdominal oenocyte
numbers along the worker life cycle.

1). In addition, the N/C ratio shows that cel-
fular activity does not change with age (Fig.
3), and differences on means among ages were
not significant (Table II). Besides, results of
wax epithelium height mesures showed that it
has two peaks of activity (Table H), one 1n 5
days old workers and another in 17 days old
ones (Table IIT), while the oenocytes si1ze re-
main stable during all penod.

Therefore the cycle of worker’s wax gland
development is not followed by size changes

or oenocytes.

Morphologic and morphometric analysis in
queens — In newly emerged queens two popu-
lations of oenocytes may be distinguished ac-
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TABLE 11

Z-values obtained from U-Mann Withney-test
applied to cellular and nuclear volumes N/C index;

and U-values obtained to the number of

Apis mellifera workers head oenocytes, at
different ages (in days)

Cellular Nuclear N/C
Number .

volume volume index
;5 6,00 -5964 _—1,78¢ 3,774
012 0,002 6428 2492 _4 014
0:17 4 00 —1,58 —0,79 —244¢
0;29 0,008 64124 4938 _2 294
5:12 0,002 _0.53 -0,77 —0,02
5 :17 5,00 —399¢ _2092 _1.07
5:29 3,004 26324 _362¢ 1834
12 :17 9.00 -449¢ _20984 _124
12 ;29 12.50 -2,17¢ 3114 1904
17 :29 9.00 —5,05¢ 5092 049

a: significant values at 5% level.

cording to their localization and size. The
smallest oenocytes are parietal and found in
small groups immersed in the fat body (Fig.
11A). The larger ones appear as isolated cells
scattered 1n the perivisceral fat body. Their
nucler are large and well defined (Fig. 11B).
Two distinct populations of oenocytes, on the
basis of size or differentiation degree were also

observed 1n larvae of Locusta migratoria
(Rinterknecht et al., 1973),

In older queens only one population of
oenocytes 18 present in the parietal fat body
mainly ventrally located (Figs 11C, D, E).

The abdominal oenocytes of queens are less
acidophilic than those of workers. Furthermore,
the perinuclear cytoplasm in all stages, except
in newly emerged, have more affinity to eosin
than the rest (Figs 11C, D, E).

The statistical results show that the changes
exhibited by queen oenocytes along the differ-
ent stages (Figs 5, 6, 7) are significantly dif-
ferent. Statistical differences do not exist, only
between the N/C ration of mated and old
gqueens, which probably may be related to the
drop in oenocyte activity in old queens. The
results indicate that not only the ocnocytes
grow 1n size during the life of queen but that
their activity changes in different phases. The
number of oenocytes (Fig. 8D) in different
phases of the queen life also varied signifi-
cantly indicating that the requirement of the
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gueen for products made in oenocytes is
not only reached by the growth of existing
cells, but also requires a differentiation of new
cells.

OUenocyles contents — In larvae of Tenebrio
molitor the oenocytes show a weak response
to the staiming with Sudan Black. Only after
special treatment to isolate lipids from pro-
teins the response was stronger, indicating that
the lipids were linked to proteins {Romer,
1980). Similar results were obtained by
Wigglesworth (1970} and Cruz-Landim (1985)
when studying larval oenocytes of Rhodnius
and bees respectively.

The above results are not in agreement with
those obtained in oenocytes of 4. mellifera
workers, where in 12 days old bees they showed
a very strong reaction to Sudan Black B, even
without any previous treatment. The intensity
of staining by Sudan Black B drops little by
little between 17 and 29 days (Table III). The
results of Nile Blue treatment indicate that these
cells contain acid hipids, that could be partici-
pating 1n wax synthesis.

The abdominal oenocytes of queens differ-
ently from workers shown weak reaction to
Sudan Black B (Table III). The lipids in these
ocnocytes are also acids, as shown by the
answer to the Nile Blue stain. The differences
between the oenocytes of queens and workers

indicate that these cells may have different
functions 1n both castes.
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Fig. 5: distnibution of cellular volumes of abdominal
oenocytes (n different stages of queen activity,
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Fig. 6: distnbution of nuclear volumes of abdominal
oenocytes in different stages of queen activity.
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Fig. 7: nucleo/citoplasmatic ratio of queen abdominal
oenocytes.

The oenocytes of young workers of 4.
mellifera shows the presence of lysosomes and
positive reaction to acid phosphatase (Cruz-
Landim, 1985). In the present research acid
phosphatase was observed in ocnocytes of all
studied ages and stages of workers and queens.

In workers the greater amounts were verthied
in 5 and 29 days old beens (Table I1T). Com-
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Fig. 8: distribution of abdominal oenocytes numbers in
different stages of queens activity.

paratively a larger amount of acid phosphatase
was detected in queens than in the workers

{Table III).

The presence of acid phosphatase is fre-
quently related to lysosome presence, cellular
organclles that act in the regulation of several
cellular functions through intracellular diges-
tions. The acid phosphatase constancy in
oenocytes during the entire queen’s life, scems
to be 1n accordance with the permanent activ-
ity of oecnocytes in this caste, a fact that does
not seem to occur in workers.

The different locahzation of oenocytes may
be due to the fact the oenocytes eliminate the
products they secrete directly into the
haemolymph, and the place of 1t use must be
reached throughout circulation. Since the
haemolymph circulation in insect, may not be
an efficient way for product distribution, the
oenocytes tend to locate close to the points
where their products will be useful, which is
different in the castes or life phases.

Conclusions — From our observations it may
be concluded that: (1} In workers the oenocytes
are found in head and abdomen. In the head,
they are found in small groups next to epider-
mis of the mandibles insertion. In the abdo-
men they are placed in the parnietal fat body,
bcing more frequent next to the wax glands of
workers. (2} In newly emerged queens there
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TABLI 111
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Content tests in Apis mellifera workers and queens OCNIOCY LeS

Workers Queens
3 12 17 29 QL OM [ OQ
Sudan Black B + +++ : . + +
Nilo's Blue + ++4 Tt T + + F+
Acid Phosphatase +++ ++ ++ +++ 1 _ + ++

—

-lnegative: 1 poorly stamed )+ positive ; +++  strongly DOsItIve .

!

Fig. 9: head oenocytes from Apis mellifera workers, A JUst emer

29 days old. n: nucleus. oe: oenceytes.

pod. Br Sdaysold. C: 12 days old. [D: 17 days old. E:
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Fig. 10: abdominal oenocytes in Apis mellifera workers. A:Just emerged. B: 5 days old. C: 12 days old. 1J: 17 days
old, E: 29 days old. n: nucleus. oe: oenneytes. we: wax epithehum. fb: fat body.

arc two different types of oenocytes. The small
ones appear 1n small groups scattered n the
parietal fat body, while the larger ones appear
1solated, distributed in the perivisceral fat body.
Only the ocnocytes immersed in the parictal
tat body, remain during egg-laying and 1n old
queen. (3) The statistic results of the morpho-
metric parameters studied suggest that 1n work-
ers these cells have a constant activity n all

ages studied, while in queens the values ob-
tamed for the abdominal ocnocytes vary sig-
micantly, possibly i relation with the func-
tion that these cells fulfil in different phases of
thewr hite. (4) The presence of acid phosphatase
15 1 accordance with the cellular activity,
queens as 1 workers, (5) The oenocyte num-
ber or size vanation was found unrelated to
the worker wax gland development, howcever
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Fig, 11 ahdominal oenocytes from Apis meffifera queen. A: newly emerged small oenocytes. B: newly emerged
large ocnocytes, C: mated queen. [): laying queen. E: old queen. n: nucleus. oc: ochocytes. th: fat body. The arrow

shows the more stained perinuclear region.

there 18 a major amount of lipids in the oeno-
cytes of the workers that are in the wax secre-
(1on period, and fess amount in foragers, indi-
cating that these cells activity my be different
during the period of wax production.

REFERENCES

BECAK, W, & PAULETE. 1., 1970, Téenicas v
citologia ¢ histologia. Livraria Nobel S0 AL 470 p.

BEIIMER. (. A TOLOSA, E. M. & FREITAS NET().
Ao GL 19760 Manual de histologia normal e
patologiva. Edart. 239 p.

BLERNARD, ). & PHILOGENE, R., 1967, Ocnocytes:
lorm and funcoon. Ann. Entomol Soc. Québee., i

3-13.

CRUZ-LANDIM. C.. 1985, Oenocytes of honey bee
workers, structural modifications during their adult
lile. Reve Biol, 78 107-122.

DILHL P AL 1973, Paratfin synthesis in the ocnocytes
of the desert locust. Narure, 243 468-470,




Mem. Inst. Oswaldo Cruz. Rio de Janewro, Vol. 88 (3}, jul./set, 1993 395

DIELH, P. A., 1975. Synthesis and release of hydrocar-
bons by the oenocytes of the desert locusl, Schisto-
cerca gregaria. J. Insect Physiol., 21: 1237-1246.

EVANS, J. J. T., 1967. Development and ultrastructure
of the fat body cells and oenocytes of the Queensland
Fruit Fly, Dacus tryoni (Frogg). Z. Zellforsh, 8: 49-
6l.

JUNQUEIRA, L. C. U. & JUNQUEIRA, L. M. M. §,,
1983. Técnicas basicas de citologia e histologia.
Livrana Ed. Santos. 123 p.

KRAMER, S. & WIGGLESWORTH, V. B, I950. The
outer layers of the cuticle in the cockroach
Periplaneta americana and the function of the
ocenocytes. Q. J Microse. Sci., 91: 63-73.

KSIAZKIEWICZ-KAPRALSKA, M., 1984. Ultrastruc-
ture of the imaginal oenocytes in Aspidiotus hederae
(Homoptera, Coccoidea) Acta Biol. Cracov. Serv.
Zool., 26: 1-9.

LOCKE, M., 1969. The ultrastructure of the oenocytes
in the molt/intermolt cycle of an insect. Tissues de
Cell., 1: 103-154.

MELLO, M. L. & VIDAL, B. de C., 1980 Praticas de
biologia celular. Editora Edgard Blucher Lida.,
Campinas, SP.

PAJNI, H. R., 1968. The larval and imaginal oenocytes ol
Callosobruchus maculatus (Frabricius) (Coleoptera:
Bruchidae). Beitr. Enf. Band. 18: 233-238.

RINTERKNECHT, E., 1985. Cuticulogenests correlated
with ulfrastructural changes in oenocytes and epi-
dermal cells in the late cockroach embryo Tisswe &
Cell, 17: 723-743.

RINTERKNECHT, E. & MATZ, G., 1983, Oenocytes
differentiation correlated with the formation of ec-

todermal coating in the embryo of a cockroach 7is-
sue & Cell, 15 375-390,

RINTERKNECHT, E.; PORTE, A. & JOLY, P, 1969.
Contribution a I'etude ultrastructurale de I’oenocyte
chez Locusta migratoria. C. R. Acad. Sci. (D)., 269:
2121-2124.

RINTERKNECHT, E.; PORTE, A. & JOLY, P., 1972,
Modifications ultrastructurales des oenocytes sous
I’effet du jeune chez Locusta migratoria. C. R. Acad.
Sci. (D), 275: 1063-1066.

RINTERKNECHT. E.; PEROLINE, M.; PORTE, A. &
JOLY, P., 1973. Sur les variations ultrastructurales
des oenocytes aucours du cycle des mues et apres
ablation des glandes prothoraciques chez Locusta
migratoria. C. R. Acad. Sci. (D}, 276: 2827-2830.

ROMER, F., 1974. Ultrastructural changes of the
ocnocytes of Gryllus maculatus Deg (Saltatona,
[nsecta) during the moulting cycle. Cell Tissue Kes.,
i51: 27-46.

ROMER, F., 1980. Histochemical and biochemical 1n-
vesligations concerning the function of larval
oenocytes of Temebrio molitor L. (Coleoptera,
Insecta), Histochemistry, 69: 69-84.

SIEGEL, 8., 1979, Estatistica ndo parametrica. Editora
McGraw-Hill do Brasil Ltda. 350 p.

STOPPIE, P.; BRIERS, T.; HUYBRECHTS, R. & De
LOOF, A., 1981, Moulting hormone juvenile hor-
mone and the ultrastructure of the fat body of adult
Sarchophaga bullata (Diptera). Cell Tissue Res.,
221: 233-244,

WIGGLESWORTH, V. B., 1970, Structural lipids 1n
the insect cuticle and the function if the ocnocyles.
Tissue and Cell, 2: 155-179,



