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ABSTRACT. The occurrence of cell reabsorption in the ovaries of queens in several rates of laying eggs, artificially impeded of laying,
and in nurse workers, of Apis mellifera (Linnaeus, 1758), was studied with light (LM) and transmission electron microscopy (TEM). Two
types of structures were described and named by analogy with vertebrates ovarian structures, as corpus luteus, when resulting from the
reabsorption of the follicular cells after ovulation, and corpus atresicus when resulting from total follicular reabsorption at any oocyte
developmental stage. These structures have the same morphological characteristics and physiological signification in both castes. The
corpus luteus occurrence indicates ovulation and its number is correspondent to the queen’s rates of oviposition. The presence of this
structure in nurse workers ovarioles shows that this caste may lay eggs. The incidence of corpus atresicus in queens decay with the
increasing of the oviposition indicating that the inhibition of the normal sequence of oocyte maturation in the ovaries is deleterious.
Both, corpus luteus and corpus atresicus incidence may be influenced by environmental factors.
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RESUMO. Aspectos morfologicos da reabsor¢ao celular em rainhas em postura e operérias de Apis mellifera (Hymenoptera,
Apidae). A ocorréncia de reabsorgéo celular nos ovérios de Apis mellifera (Linnaeus, 1758) foi estudada em operérias, em rainhas
artificialmente impedidas de se acasalarem e em rainhas em postura utilizando microscopia de luz (LM) e eletrénica de transmissao
(MET). Séo descritos dois tipos de estruturas morfoldgicas, indicativas da ocorréncia de reabsorcéo. Estas estruturas foram denominadas
por analogia com estruturas correspondentes presentes nos ovarios dos vertebrados. As resultantes de reabsorcéo das células foliculares
depois da ovulaggo foram denominadas corpos IUteos e as resultantes da reabsorcéo de todo o foliculo, em qualquer fase do desenvolvimento
do ovocito, de corpos atrésicos. As estruturas representativas da reabsorgao tém as mesmas caracteristicas morfoldgicas e significado
fisiol6gico em ambas as castas. A presenca de corpo IUteo indica prévia ovulagdo e seu nimero corresponde a taxa de postura da rainha e
sua presenca nas operérias nutridoras mostra que esta casta pode por ovos nesta fase. A incidéncia de corpos atrésicos em rainhas diminue
com o aumento da taxa de postura indicando que a inibicdo da sequéncia normal de maturagdo de ovécitos no ovério é deletéria. Tanto

a incidéncia do corpo luteo, como do corpo atrésico pode ser influenciada por fatores ambientais.

PALAVRAS-CHAVE. Corpo luteo, corpo atrésico, oviposi¢ao, histologia, ulta-estrutura.

In the eusocial insects the female reproductive
function is prerogative of the queen, being the worker
caste sterile or semi-sterile (Onions, 1912; ANDERSON,
1963). In Apismellifera (Linnaeus, 1758) theworkers may
develop their ovariesin the queen absence or evenin its
presence, under certain conditions (Patricio & Cruz-
Lanpim, 2003, 2004). Neverthel ess, the oviposition by the
workers in queenright colonies is more frequent then
thought before (Sakacami, 1954; KropAcova &
HasLBacHoVA, 1969), it is done only by few workers,
mostly the ones nursering the brood. As vitellogenesis
may, however, occurs in the ovaries of several workers
(PaTricio & Cruz-Lanbim, 2004), the maturated oocytes
that are not ovulated are reabsorbed. The same fate have
the unovulated eggs of the queens (Patricio & Cruz-
LAnDIM, 2003).

Thelocal for queen ovopositionis provided by the
workers, in such a way that the general colony
homeostasis influenciates the rates of eggs laid by the
queen and al so the possibility of worker laying (Sakacami
etal., 1963).

Several types of cells reabsorption may naturally
occur in queens’ ovaries and as well induced
experimentally by conditions such as nutrients depriving
or deficiency of some feeding components necessary to

the maturation of the oocyte, virginity of the female or
the absence of male individuals to the coupling and the
layinginaninappropriate place (Lusis 1963; BELL & BoHi,
1975). Also any imperfection in the oogenesis
development may compromise the oocyte itself and the
integrity of the associated nurse and follicular cells
inducing cell reabsorption in any phase of follicle
development. BERGER & ABDALLA (2005) speculates that
dead of the nurse cells are the main cause of the oocyte
reabsorption in A. mellifera virgin queens, but probably
defectsinthe somatic cellsmay, aswell imparethe oocyte
growth and maturation. The ovarian degenerative
structures resulting from this type of cell reabsorption
are sometimes named corpus atresicus, by analogy with
similar occurrences in vertebrate ovaries.

This work studies these types cells rebsorption
accurring in the ovary of queen and nurse workers of A.
mellifera.

MATERIAL AND METHODS

Laying queenswith high and low oviposition rates,
gueens prevented of laying by caging were obtained in
the Department of Biology from the UNESP Campusin
Rio Claro, Brazil. Their ovaries where dissected and
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prepared for examination with light microscopy (LM) and
transmission electron microscopy (TEM).

For LM the ovaries were fixed in 4%
paraformaldehydein 0.1 M, pH 7.4 phosphate buffer and
embedded in Leica historesin after dehydration. The
sections 6 mm thick, were stained with hematoxylin and
eosin and 1% toluidine blue, pH 4.0.

For TEM studies the ovaries were fixed in 2%
glutaraldehyde containing 4% paraformaldehyde in 0.1
M sodium cacodylate buffer, pH 7.4 during 2 hours at 4
°C. After rinsing in the buffer, a post-fixation was carried
out in 1% osmium tetroxide in the same buffer during 2
hours. The pieces were dehydrated in an increasing
acetone series (70 - 100%) and embedded in Epon-
Araldite. During dehydration the pieces were left in 1%
uranyl acetate in 10% acetone overnight. The thin
sections were stained with lead citrate, analyzed and
photographed under a TEM.

Quantification of reabsorption structureswere done
in queens beginning oviposition, with high rates of
oviposition, in old queens with oviposition decay and in
those prevented of laying. Histological slides of four
ovaries of each type of queen were used for counting of
the reabsorption structures. The counting was
accomplished with use of an IMPACT system, attached
to alight microscopy.

RESULTS AND DISCUSSION

In the meroistic polytrophic ovary of A. mellifera
thevitellarium containsfolliclesdivided in two chambers,
one containing the oocyte located below the other
containing the nurse cells, both enveloped by follicular
cells(Fig. 1).

The oocytes more advanced in vitellogenesis are
located near the proximal end of the ovarioles. The
oocytes in the most proximal end of the ovariole, which
have finished the growth, vitellogenesisand coriogenesis
and, therefore, are ready to be ovulated and still involved
by a sheet of flat follicular cells. In these basal oocytes
the nurse cellswere already dead by the dumping of their
cytoplasm content into the oocyte (Fig 2). This
occurrence may be considered a very specia type of
programmed cell death, in which the material of one cell
is passed to other until the end (NEezis et al., 2000).

The meaning of this type of occurrence is the
substitution of the oocyte nuclei function by substances
produced by the nuclei of cellsthat have exactly the same
genetic constitution since oocyte and nurse cells are
clone(KinG etal., 1982; Kinc & BUNING, 1985; PaTrRICIO &
Cruz-LAnDIM, 2006). Thistype of cellular reabsorptionis,
therefore, natural and programmed to occur in all
polytrophic ovaries of insects.

Another type of natural reabsorption structure is
the oneformed after the ovulation. After the oocyteleaves
theovariole, thefollicular cellscollapseinto the peritoneal
membrane and constitute a clump that temporarily
obstruct the ovariole pedicel, preventing anew ovulation
by the same ovariole. Thisclump of cellsisnamed corpus
luteus in analogy with the structure formed in the
vertebrate ovaries after ovulation. However it does not
have the same cellular constitution and function.

The corpus luteus of the insects appear in the LM
preparation as a mass of cells without limit definitions
(Fig. 3), which in the final phase of reabsorption
accumulateslipids, acquiring anatural yellowy color that
in part justify the name.

At TEM examination the corpusluteus appear asa
mass of cells surrounded by a very convoluted tunica
propria (Fig. 4). These cells present the cytoplasm filled
with numerous lipid droplets and in the late stage of
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Figs. 1-3. Ovarioles of laying queen of Apis mellifera (Linnaeus,
1758) showing the vitellarium (light microscopy): 1, oocyte and
nurse cells differentiation, both enveloped by follicular cells; 2, in
the basal region of the oocytes the nurse cells were aready dead by
the dumping of their cytoplasm content into the oocyte; 3, oocyte
reabsorption place, presenting follicular cells with vacuoles in the
final phase of reabsorption which accumulates lipids (arrows) (fc,
follicular cells; gv, germinal vesicle; n, nuclei; nc, nurse cells; oo,
oocyte; ps, peritoneal sheath; yg, yolk granules). Scale bars: fig. 1,
40 pm; fig. 2, 30 um; fig. 3, 50 um.
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degeneration, finally disintegrate (Fig. 5). Probably their
rests are eliminated throughout the ovariole pedicel into
thelateral ovidut, leaving theway freefor anew ovulation.

The corpus luteus from the queen and worker
ovaries presentsthe same morphology (Fig. 6). Thistype
of cellular degeneration, used to be known by the
histologists as lipidic degeneration, and is also a type of
programmed cell death, sinceit is programmed to occur
ever time that an ovulation takes place.

The presence of corpus luteus as a sign of
ovulation permits the confirmation of egg laying. As

Figs. 4-6. Transmission electron microscopy image of a corpus
luteus from queen and worker ovaries of Apis mellifera (Linnaeus,
1758): 4, mass of cells surrounded by a very convoluted tunica
propria in laying queen; 5, cytoplasm with numerous lipid droplets
in laying queen; 6, corpus luteus of worker showing the cytoplasm
with numerous lipid droplets (I, lipid droplets; n, nuclei; nu,
nucleolus; tp, tunica propria). Scale bars: 1 um.

several ovaries dissected from nurse workers presented
corpus luteusin the ovarioles, it revealsthat oviposition
by theworkersisnot asrare asthought (Patricio & Cruz-
LANDIM, 2003, 2004).

Another natural degenerative feature in the ovary
vitellariumisthefollicle atresy. Thistype of degeneration
may occur in the follicle at any phase of development.
Thisstructure formed by thistype of degeneration, affect
al types of cells that constitute the follicle, although
seems to be started by the oocyte.

Corpusatresiusand corpusluteus normally present
in the queen ovary, however, do not appear at the same
rates in young and old queens (Fig. 7). In the beginning
of the queen oviposition the number of corpus luteusis
low, increasesin the queenswith high rates of oviposition
and in old queens, while the number of corpus atresicus
decreases with the queen age. In the queens that were
impeded of laying eggs there are several atresic regions
all over the ovarian ovarioles. If a fecundated and
ovipositioning queen is caged and can not lay eggs,
corpus lutteusis not seen in its ovarioles but the rates of
corpus atresius are elevated. The types of cell death
occurring, although may not beincluded in any described
type of cell death, they are considered as physiologically
programmed. Even the cell death experimentally induced
follows the pattern of the natural cell death, therefore, it
is possible that the same mechanisms are actuating in
the cells during their reabsorption.

Therefore, the quantification results show that the
atresy in the queen ovary decreased in function of the
gueen physiological and environmental conditions. In
the present case the atresy decreased as the fecundated
gueen entersin aregular rhythm of oviposition meaning
that the delaying of the progress of the vitellogenesis by
the absence of posture conditions is deleterious to the
oogenesis. The atresy that occurs in these conditions
does not affect the fertility of the queen. The
intensification of the atresy, however, may have other
causes environmental or genetic that may prejudice its
fertility.
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Fig. 7. Ovary reabsorption structures in queens beginning oviposition
(BO), presenting high rates of oviposition (HO), old queens with
oviposition decay (OO), and caged queens of Apis mellifera
(Linnaeus, 1758), prevented of laying eggs (PL) (ca, corpus
atresicus; cl, corpus luteus).

lheringia, Sér. Zool., Porto Alegre, 98(4):421-424, 30 de dezembro de 2008



424

PaTricio & Cruz-LANDIM

Acknowledgments. The authors acknowledge the
financial supported of Fundagdo de Amparo a Pesquisa do Estado
de Sdo Paulo (Fapesp) (98/00613-0) and Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico (CNPq) 351016/94-5.

REFERENCES

AnpERsON, R. H. 1963. The laying worker in the Cape Honeybee,
Apis mellifera capensis. Journal of Apicultural Research
2(2):85-92.

BELL, W. J. & Bonn, M. K. 1975. Oosorption in insects. Biological
Reviews 50:373-96.

BERGER, B. & ABspaLLA, F. C. 2005. Programmed cell death during
ovarian differentiation in queens of Apis mellifera Linne,
1758 (Hymenoptera, Apini). Brazilian Journal of
Morphological Science 22:1-4.

King, R. C.; Cassipy, J. D. & Rousset, A. 1982. A. The formation
of clones of interconnect cells during gametogenesis in insects.
In: King, R. C. & Akal, H. Insect ultrastructure. New York,
Plenum. v.1. p.3-33.

King, R. C. & BuUNING, J. 1985. The origin and functioning of
insect oocytes and nurse cells. In: KerkuT, G. A. & GiLBERT, L.
I. Comprehensive insect physiology biochemistry and
pharmacology. Great Britain, Pergamon. v.1. p.38-77.

KRrRopAcovA, S. & HasLBacHovA, H. 1969. The development of
ovaries in worker honeybees in a queeright colony. Journal
of Apicultural Research 8(2):57-64.

Lusis, O. 1963. Histology and histochemistry of development
and resorption in the terminal oocytes of the desert locust
Schistocerca  gregaria. Quarterly  Journal of
Microscopical Science 104:57-68.

NEezis, |. P.; Stravoropis, D. J.; PAPASSIDERI, |.; RoBERT-Nicoup, M. &
MarGARITIS, L. H. 2000. Actin cytoskeleton reorganization of
the apoptotic nurse cells during late developmental stages of
oogenesis in Dacus oleae. Cell Motility and Cytoskeleton
48:224-233.

Onions, G. W. 1912. South African “fertile” worker bees.
Agricultural Journal of the Union of South Africa
3:720-728.

PaTricio, K. & Cruz-Lanbim, C. 2003. Apis mellifera
(Hymenoptera, Apini) ovary development in queens and in
workers from queenright and queenless colonies. Sociobiology
42(3):771-780.

___. 2004. Development of worker ovaries in brazilian africanized
honeybees (Hymenoptera: Apidae). Sociobiology 44(3):
695-705.

__ . 2006. Ultrastructural aspects of the intercellular bridges
between female bee germ cells. Brazilian Journal of Biology
66(1B):309-315.

Sakacami, S. F. 1954. Occurrence of the aggressive behavior in
queenless hives, with considerations on the social organization
of honeybee. Insect Sociaux 1:331-43.

Sakacaml, S. F.; Beig, D.; ZuccHl, R. & AkaHIRA, Y. 1963. Occurence
of ovary-developed workers in queenright colonies of stingless
bees. Revista Brasileira de Biologia 23(2):115-29.

Recebido em fevereiro de 2007. Aceito em maio de 2008. ISSN 0073-4721

Artigo disponivel em: www.scielo.br/isz

lheringia, Sér. Zool., Porto Alegre, 98(4):421-424, 30 de dezembro de 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /PTB <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


