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Abstract — The effects of the acaricides, rotenone and oxalic acid (OA) on salivary glands of honeybee
larvae were evaluated. Immunohistochemical methods were used to detect cell death and heat-shock protein
(HSP70 and 90) localizations. Heat-shock proteins (HSP70 and 90) were localized in the cytoplasm and/or
the nuclei of secretory gland cells, both under stress and in normal conditions. In rotenone-treated larvae,
there were no changes in the normal level of cell death and also there were no morphological alterations
in the secretory cells. In the larvae treated with oxalic acid, the salivary gland showed varying degrees of
morphological cellular alteration and an increase in the cell death level. The present data suggest that stress-
induced HSP70 might have an antiapoptotic effect while the stress-induced HSP90 might have a chaperone

function in the larval salivary glands.

Apis mellifera [ silk gland / cellular stress / immunohistochemistry / rotenone / oxalic acid

1. INTRODUCTION

In many parts of the world the threat of
the damaging effects of the parasitic Varroa
destructor mite (Acari: Varroidea) forces bee-
keepers to treat their colonies with acaricides.
As a result, acaricides are the most common
chemical stressor that honeybee larvae experi-
ence in the field. Immunocytochemical studies
of cell death and the localization of heat-shock
proteins in the larval tissues of honeybees af-
ter acaricide applications, have helped to bet-
ter understand the possible adverse effects aca-
ricides may have on beehives (Gregorc and
Bowen, 1999, 2000).

A variety of stressful stimuli can induce a
cellular accumulation of heat-shock proteins,
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known as HSP’s (Lindquist and Craig, 1988),
originally described in cells exposed to heat.
HSP’s, which mainly function as molecular
chaperones, allow cells to adapt to gradual
changes in their environment and to survive
in otherwise lethal conditions. The events of
cell stress and cell death are linked and HSP’s,
induced in response to stress, appear to func-
tion at key regulatory points in the control of
programmed cell death or apoptosis (Garrido
et al., 2001).

When heat-shock proteins function under
normal cellular conditions, they are essential
components in a number of diverse biologi-
cal processes (Pelham, 1986; Chiang et al.,
1989; Rassow et al., 1995). They are classi-
fied according to their molecular weight and
the HSP70 family constitutes the most fre-
quently observed and best-studied class of
HSP’s (Lindquist and Craig, 1988).
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Under various conditions of stress, the syn-
thesis of stress-induced HSP70 can inhibit cell
death and thereby increase the survival of
cells exposed to a wide range of lethal stim-
uli (Mosser et al., 1997). Overexpression of
HSP70 suppresses mitochondrial damage and
nuclear fragmentation (Buzzard, 1998) and
therefore functions as a potent antiapoptotic
protein (Garrido et al., 2001). HSP90 is also
induced under stress conditions, but its func-
tion is less clear than that of the HSP70 family.
According to Garrido et al. (2001), the overex-
pression of the HSP90 seems to have different
effects in stressed cells, depending on the type
of stimulus. The sensitivity of the HSP sys-
tem to induction by a wide variety of chemi-
cal or physical stressors makes it attractive as
a biomarker to evaluate the biological effects
of exposure to any given toxic agent (Pomerai,
1996).

Monoclonal antibodies have been used to
determine the presence of HSP’s in different
tissues (Chiang et al., 1989). Anti-HSP anti-
bodies were used as markers to identify the ef-
fects of toxic metals on terrestrial isopods and
terrestrial and marine molluscs (Kohler et al.,
1992). Gregorc and Bowen (1999) suggested
that the use of techniques to detect HSP’s, as-
sociated with cell death labelling, could help
to diagnose bee infections and evaluate the
effects of acaricide applications on bees. Im-
munocytochemical methods are useful in la-
belling cell death, which has been detected in
the honeybee midgut after a P. larvae infection
and after acaricide applications (Gregorc and
Bowen, 1998, 2000; Gregorc et al., 2004), and
also in the isolated heart of the honeybee after
exposure to herbicides (Papaefthimiou et al.,
2002).

The aim of this work was to determine
whether treating honeybee larvae with an
“alternative” Varroa control substance, such
as oxalic acid, or with an acaricide, such
as rotenone, could induce the overexpres-
sion of HSP’s and/or cell death in the sali-
vary glands of Apis mellifera. The salivary
glands of larval insects are good models to
study the mechanisms of cell death (Bowen
and Lockshin, 1981) and the morphological
changes during their normal degeneration pro-
cess are well defined (Silva, 2002). Since

these glands are capable of absorbing sub-
stances from haemolymph (Levy and Bautz,
1985; Armbruster et al., 1986; Meirelles et al.,
2001), such compounds could accelerate the
cell death process in this gland or change the
expression of stress proteins. Therefore, larval
salivary glands might become a key organ in
toxicological studies of bees.

2. MATERIALS AND METHODS
2.1. Treatment of bee larvae

Apis mellifera L. larvae were treated on the
comb with either an oxalic acid/sucrose solution or
rotenone. The oxalic acid solution (OA) was pre-
pared from 6.5 g oxalic acid dihydrate (Kemika, Za-
greb, Croatia) and 50 g sucrose in 100 mL deion-
ized water. The concentration of OA/sucrose was
2.97%/31.95% (w/w). The substance was sprayed
directly onto larvae in comb cells, so that the dose
received by each larva corresponded to 0.121 mg of
the OA solution.

Rotenone was sieved over the combs in order
to spread the substance uniformly across the brood
cells. The larvae were treated with 0.5 g of 1%
rotenone so that each larva was treated with 0.29 mg
of the product.

The combs containing either the oxalic acid or
rotenone treated larvae were then returned to their
original colonies. A transparent foil was used to
make a tracing of the combs, marking the open
comb cells that contained larvae that were at the
3rd and at the beginning of 5th instar. These lar-
vae were treated during the feeding phase, but they
were collected at the spinning phase. Two lots of
samples were taken after the treatments — one after
6 hours and another one after 48 hours. Larvae at
the beginning of 5Sth instar were collected 6 h af-
ter acaricide application (at the end of Sth instar)
and larvae at the 3rd instar were collected 48 h after
acaricide application, when they also had reached
the end of 5th instar. Samples of untreated “con-
trol” larvae were also at the end of the 5th instar,
and they were collected at the same time as those
experimental group. These larvae were identified as
being at the end of Sth instar according their charac-
teristic anatomy and position inside the closed cell
combs. Larval age was confirmed during the dissec-
tion process when it was possible to observe the silk
secretion in the lumen of the salivary glands, as de-
scribed by Silva-Zacarin et al. (2003).
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Three larvae from each of the experimental
groups, as well as from the control group were dis-
sected. Their salivary glands were isolated after ex-
cision from the ventral integument, characteristic of
larvae that had reached the end of the Sth instar.
The glands were fixed for 24 h in a 10% formol
saline and they were then dehydrated in an ascend-
ing series of alcohol and xylene. Finally, the glands
were embedded in wax as described by Gregorc and
Bowen (1999). A Bright 5030 microtome was then
used to cut 5 um sections, which were placed on
Decon-cleaned slides and then air-dried. For the im-
munohistochemical assays, the slides were dewaxed
by immersion in xylene and alcohol.

2.2. Immunohistochemical localization
of heat-shock proteins

Endogenous peroxidase activity was blocked by
an immersion in a methanol/hydrogen peroxide
mixture (47.2 mL of methanol and 0.8 mL of 30%
hydrogen peroxide) for 30 min at room tempera-
ture. The sections were then washed under running
tap water for 5 min and placed in phosphate buffer
saline (PBS) (0.01 M, pH 7.0). The slides were blot-
ted dry with paper tissue before covering with a pri-
mary antibody solution. The monoclonal antibod-
ies against heat-shock protein 70 and 90 (HSP70
and HSP90) were obtained from Sigma. Antibodies
were diluted up to one hundred fold in Tris buffer
(pH 8.2) supplemented with 1% bovine serum albu-
min.

After incubating the primary antibodies
overnight at 4 °C, the sections were washed
three times in PBS and covered with a secondary
antibody conjugated with peroxidase. They were
incubated for 30 min in a humidified chamber
at room temperature. Novostain Super ABC Kit
from Novocastra Laboratories was employed in
this procedure and used in accordance with the test
kit instructions. The sections were then incubated
with peroxidase substrate (DAB or AEC) and
washed in tap water for 5 min. Counterstaining
was accomplished by directly transferring the
sections into Mayer’s haematoxylin, washing and
dehydrating them in three changes of alcohol and
three changes of xylene and then mounting in DPX.

In the control sections, the respective primary
antibody was omitted and the endogenous peroxi-
dase activity was quenched. The slides were exam-
ined with a Nikon light microscope.

2.3. Immunohistochemical labelling
of cell death

Using the “In situ cell death detection kit, AP”
(ISCDDK; Roche), the dewaxed and rehydrated tis-
sue sections were incubated with proteinase K for
15 min. Labelling was conducted by covering the
tissue sections with 30-40 uL of a “TUNEL” re-
action mixture, for 60 min at 37 °C in a humid-
ified chamber. TdT-enzyme-incorporated fluores-
cein was detected with a “converter-AP” consisting
of an anti-fluorescein antibody conjugated with al-
kaline phosphatase. The EnVision System alkaline
phosphatase kit (Dako) was used to obtain a red-
coloured precipitate. The sections were counter-
stained with haematoxylin. TUNEL-positive cells
appeared red, whereas TUNEL-negative nuclei ap-
peared blue.

Negative-control labelling was achieved by sub-
stituting the deoxynucleotidyl transferase (TdT) en-
zyme with PBS. The slides were examined with a
Nikon light microscope.

3. RESULTS
3.1. Untreated control larvae

In the salivary glands of untreated control
larvae (Fig. 1), HSP70 immunoreactivity was
detected in most of the nuclei of secretory
cells, and spots of reaction product were also
observed in the basal cytoplasm (Fig. 1A,B).
The localization of HSP90 immunoreactiv-
ity was similar to that described for HSP70
(Fig. 1C). A red azo-dye reaction product was
found in many nuclei of the secretory cells of
the salivary glands of the untreated larvae by
using the ISCDDK test kit (Fig. 1D).

3.2. Rotenone-treated larvae

Six hours after the honeybee larvae were
exposed to rotenone (Fig. 2), the level of
positive-reaction product indicating HSP70 lo-
calization increased in most of the nuclei
and the basal cytoplasm of secretory cells
(Fig. 2A), in comparison with the untreated
control larvae (Fig. 1B). However, HSP90 lo-
calized in a different manner to that described
for the untreated control larvae. The reaction
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Figure 1. Secretory cells of formalin-fixed, paraffin-embedded salivary glands of untreated larvae at the end
of the 5th instar. (A) and (B) Detection heat-shock protein 70 (HSP70) by a monoclonal antibody. (A) AEC-
reaction product is localized in the nuclei (arrow) and in the basal cytoplasm (arrowhead). Magnification:
200x. (B) DAB-reaction product is localized in the nuclei (n) and the basal cytoplasm (arrowhead). Magni-
fication: 400x. (C) Detection of heat-shock protein 90 (HSP90) by a monoclonal antibody. DAB-reaction
product is localized in the nuclei (n) and in the basal cytoplasm (arrow). Some traces of DAB-reaction prod-
uct can also be seen in the apical cytoplasm (arrow). Magnification: 300x. (D) Detection of programmed
cell death by the ISCDDK system. Red azo-dye staining is localized in secretory cell nuclei (black arrow).
White arrow indicate nucleus without red azo-dye staining. Magnification: 400X. S = secretion, lu = lumen.

Figure 2. Secretory cells of formalin-fixed, paraffin-embedded salivary glands of larvae at the end of their
Sthinstar, collected 6 hours after the rotenone treatment. (A) Detection of HSP70 by a monoclonal antibody.
DAB-reaction product is localized in the nuclei (n) as well as the basal cytoplasm (arrow). Magnification:
300x. (B) Detection of HSP90 by a monoclonal antibody. Intensive DAB-reaction product (arrow) is local-
ized throughout the cytoplasm, yet absent from the cell nuclei (n). Magnification: 300x. (C) Detection of
programmed cell death by the ISCDDK system. Slight red azo-dye staining is localized within the secretory
cell nuclei (arrow). Magnification: 200x. FB = fat body, S = secretion, lu = lumen.
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Figure 3. Secretory cells of formalin-fixed, paraffin-embedded salivary glands of larvae at the end of their
5th instar, collected 48 hours after the rotenone treatment. (A) Detection of HSP70 by a monoclonal anti-
body. AEC-reaction product (arrow) is clearly localized in the nuclei (n) and traces of this reaction product
are dispersed throughout the cytoplasm (arrow). Magnification: 300x. (B) Detection of HSP90 by a mon-
oclonal antibody. Intensive DAB-staining is localized in cell nuclei (n) as well as the basal cytoplasm
(arrow). Magnification: 300x. (C) Detection of programmed cell death by the ISCDDK system. The red
azo-dye staining is localized in many secretory cell nuclei (arrow). Magnification: 200x. FB = fat body, S =

secretion, lu = lumen.

product was observed throughout the cyto-
plasm (Fig. 2B), but the nuclei did not ex-
hibit HSP90 activity as observed in the sali-
vary glands of the untreated control larvae
(Fig. 10).

Forty-eight hours after the honeybee larvae
were exposed to rotenone (Fig. 3), the nuclei
of secretory cells showed intense positive-
reaction product, corresponding to HSP70 ac-
tivity, and spots of reaction product were ob-
served throughout the cytoplasm (Fig. 3A).
The location of HSP90 immunoreactivity was
similar to that in the untreated control larvae
(Fig. 1C), but the level of activity in the nu-
clei appeared to be higher in the treated larvae
(Fig. 3B).

Using the ISCDDK test kit, we could show
that the application of rotenone to honeybee
larvae did not change the level of cell death,
as indicated by the red azo-dye reaction prod-
uct in the nuclei of secretory cells (Figs. 2C,
3C), in comparison with the salivary glands of
the untreated control larvae (Fig. 1D). Further-
more, this treatment did not promote any ob-
servable morphological alteration of the secre-
tory cells.

3.3. Larvae treated with oxalic acid (OA)

Six hours after the honeybee larvae were
exposed to the OA solution, morphological al-
terations were observed in the secretory cells,
such as cytoplasmic condensation and cell sep-
aration (Fig. 4). The level of positive-reaction
product determining HSP70 activity was in-
tense in the cytoplasm as well as in the nuclei
of the secretory cells (Fig. 4A). HSP90 was de-
tected throughout the cytoplasm (Fig. 4B).

Forty-eight hours after the honeybee lar-
vae were exposed to OA (Fig. 5), the re-
action product indicating HSP70 localization
remained throughout the cytoplasm, but the
intensity of the positive-reaction product in
the nuclei decreased (Fig. 5A). The reaction
product indicating HSP90 localization was
observed throughout the cytoplasm in many
secretory cells and in most of the nuclei
(Fig. 5B). These secretory cells showed an ap-
parently higher degree of cellular degenera-
tion in comparison with the anterior treatment
(Fig. 4).

Using the ISCDDK test kit we could show
that the application of oxalic acid to honey-
bee larvae increased the level of cell death, as
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Figure 4. Secretory cells of formalin-fixed, paraffin-embedded salivary glands of larvae at the end of their
5th instar, collected 6 hours after the oxalic acid (AO) treatment. (A) Detection of HSP70 by a monoclonal
antibody. Dense DAB-reaction product is localized in the nuclei (n) and throughout the cytoplasm (arrow).
DAB-reaction product is absent from the vacuolated regions (v) of the cells. Magnification: 300x. (B) De-
tection of HSP90 by a monoclonal antibody. Intensive DAB-reaction product (arrow) is localized throughout
the cytoplasm of cells, which have also suffered morphological alterations. Magnification: 300x. (C) De-
tection of programmed cell death by the ISCDDK system. Red azo-dye staining is intensively localized in
all the secretory cell nuclei (n). Cytoplasmic red azo-dye staining can be observed in some regions of the
cells (arrow). Magnification: 300x. S = secretion.

Figure 5. Secretory cells of formalin-fixed, paraffin-embedded salivary glands of larvae at the end of their
Sth instar, collected 48 hours after the oxalic acid (AO) treatment. (A) Detection of HSP70 by a monoclonal
antibody. DAB-reaction product is localized in the nuclei (n) and throughout the cytoplasm (arrow), except
in the vacuolated areas (v). Magnification: 400x. (B) Detection of HSP90 by a monoclonal antibody. In-
tensive DAB-reaction product is localized throughout the cytoplasm of cells (arrow) while the nuclei (n)
display a weak positive colouring. Magnification: 400x. (C) Detection of programmed cell death by the
ISCDDK system. Specific red azo-dye staining is localized in the secretory cell nuclei (n). Cytoplasmic red
azo-dye staining can be observed in some regions of the cells (arrow). Magnification: 300x. S = secretion.
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indicated by the intensified level of red azo-
dye reaction product in the nuclei of secretory
cells (Figs. 4C, 5C), in comparison with the
salivary glands of the untreated control larvae
(Fig. 1D).

4. DISCUSSION

The HSP70 and HSP90 families are present
in a wide variety of unstressed cells (Pelham,
1986; Garrido et al., 2001), and in this study
we detected HSPs in the cytoplasm and/or nu-
clei of salivary gland secretory cells, both un-
der stress as well as in normal conditions.
In the untreated control larvae, the immuno-
histochemical assays detected both HSC70
(heat shock “cognate” constitutively expressed
in cells) and HSP70 (probably expressed at
the end of the 5th instar when the glandular
degeneration normally begins). In unstressed
cells, members of the HSP70 family func-
tion as ATP-dependent molecular chaperones
by assisting the folding of newly-synthesized
polypeptides, the assembly of multi-protein
complexes and the transport of proteins across
cellular membranes (Beckmann et al., 1990;
Shi and Thomas, 1992; Murakami et al.,
1988). Members of the HSP70 family recog-
nize nascent proteins and correct any aggrega-
tion that may occur during their folding and
assembly into oligomeric structures (Pelham,
1986). Such a function would be consistent
with the high concentration of members of
the HSP70 family in the glands at the end of
the 5th instar, when the cellular ultrastructural
analysis of the cytoplasm reflects a high level
of protein synthesis in the secretory cells, prior
to the intensive degenerative process in the
gland (Silva, 2002).

Under normal conditions, as observed in
the untreated larvae of Apis mellifera, a large
amount of HSP90 was observed in the cyto-
plasm of the secretory cells. It is known that
HSP90 interacts with several protein-tyrosine
kinases between the time of their synthesis
and their ultimate association with the plasma
membrane and with steroid receptors when
they are not occupied by a hormone (Pelham,
1986). In untreated control larvae, HSP90 may
also be associated with the conformational

maturation of ecdysone-receptors, which are
expressed at the end of the larval period to
act in the programmed cell death of salivary
glands (Kamimura et al., 1999).

The immunohistochemical data presented a
highly-specific nuclear localization of HSP70
under conditions of stress in honeybee larvae
treated with rotenone. Rotenone is a power-
ful inhibitor of mitochondrial electron trans-
port and this oxidative stress induces HSP70
expression (Garrido et al., 2001). It is known
that newly-synthesized HSP70 migrates to the
nucleus and can concentrate in the nucleo-
lus, where it apparently binds to partially-
assembled ribosomes in order to repair dam-
aged pre-ribosomes (Pelham, 1986). In this
way, protein synthesis in the cytoplasm is not
affected and, accordingly, the programmed cell
death in Apis salivary glands can occur nor-
mally at the end of the 5th instar.

An increased localization of HSP70 in the
basal cytoplasm was observed within 6 hours
after the application of rotenone. The cyto-
plasmic localization of stress-induced HSP70
coincides with the mitochondria-riche cellu-
lar region (Silva, 2002). Wong et al. (1998)
suggested that HSP70 may protect cells from
energy deprivation and/or ATP depletion asso-
ciated with cell death. In rotenone-treated lar-
vae we observed an intensive localization of
HSP70 in the nuclei and basal cytoplasm of
salivary gland cells, probably due to its sup-
pressive effect of mitochondrial damage and
nuclear fragmentation (Buzzard et al., 1998)
and its maintenance of the features of secretory
cells. This suggests HSP70 has an antiapop-
totic effect. However, additional experiments
must be performed to test this hypothesis.

The treatment of honeybee larvae with
rotenone did not promote an increase in cell
death large enough to be detected by the IS-
CDDK, nor did it provoke notable morpholog-
ical changes in the secretory cells. It is proba-
ble that the synthesis of stress-induced HSP70
enhances the ability of stressed cells to cope
with increased concentrations of unfolded or
denaturated proteins (Nollen et al., 1999). In
these honeybee larvae, HSP90 staining was
highly intensive in the cytoplasm of salivary
gland cells, in accordance with the idea that
HSP90 may act as a chaperone, given the large
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quantity of unfolded or denaturated proteins
likely to be present in these stressed cells.

Furthermore, coincident with the increase
in stress-induced HSP70 in the nucleus and
in the cytoplasm of cells of honeybee larvae
6 hours after OA application, the glands also
showed both morphological cell alterations
and an increase in cell death signs. Probably,
the concentration of oxalic acid used in the ex-
periment promoted a higher degree of stress
than the cells could support. In this way, the
overexpression of HSP70 and HSP90 could
not have been sufficient to inhibit massive cell
death.

In this experiment, it was evident that there
was only a slight degree of morphological al-
teration in the gland cells 48 hours after OA
application, even though a high degree of DNA
strand breakage, which is indicative of cell
death, was observed in the nuclei. It is prob-
able that some larvae are either more sensitive
to OA application than others, or that the quan-
tity of OA consumed by the larvae varied dur-
ing the longer exposure to OA present on the
comb.

Some cytoplasmic staining (red azo-dye)
observed in gland cells of honeybee larvae
treated with OA seems to be indicative of DNA
fragments released from altered cell nuclei.
This has also been observed in the midgut cells
of honeybee larvae infected by Paenibacillus
(Gregorc and Bowen, 2000). OA application
to honeybee larvae also affected the columnar
cells of their midgut (Gregorc et al., 2004).
Furthermore, Gregorc and Bowen (2000) re-
ported that ISCDDK testing of honeybee lar-
vae treated with acaricides revealed both pro-
grammed cell death and stress-induced cell
death, indicating that these different types
of cell death were occurring simultaneously
(Matylevitch et al., 1998).

Our results showed that in biological and
toxicological studies of honeybees, the in situ
labelling of DNA strand breaks using IS-
CDDK and the determination of HSP local-
ization can be useful immunohistochemical
methods for demonstrating and better under-
standing any possible adverse (sublethal) ef-
fects. Such a combination of the immunohis-
tochemical assays may help to detect the cel-
lular responses of larval tissue suffering from

different chemical stressors from within their
environment. These methods are, thus, poten-
tially powerful tools for diagnosis in biological
models and can be explored in future research
to evaluate the threshold effects of substances
used in bee colonies.
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Résumé — Localisation in situ des protéines de
choc thermique et marquage de la mort cellu-
laire dans la glande salivaire d’abeilles traitées
a Dacaricide. Les acaricides sont les sources
chimiques de stress que les larves d’abeilles
domestiques (Apis mellifera L.) rencontrent le
plus communément sur le terrain. Le but de cette
étude était de déterminer si traiter des larves
d’abeilles avec un produit « alternatif » contre
Varroa destructor, comme 1’acide oxalique (AO),
ou avec un insecticide tel que la roténone pouvait
induire une surexpression des protéines de choc
thermique (HSP) et/ou la mort cellulaire dans les
glandes salivaires d’A. mellifera.

Des larves d’abeilles ont été traitées dans
le rayon avec une solution d’acide oxalique
(AOQ/saccharose = 2,97 %/31,95 % poids/poids),
vaporisée sur le rayon de sorte que chaque larve
recoive 0,121 mg de la solution. La roténone a
été tamisée sur les rayons de fagon a répartir
la substance uniformément dans les cellules de
couvain. Les larves ont été traitées avec 0,5 g de
roténone a 1 %, si bien que chaque larve en a recu
une dose de 0,29 g. Les rayons, qui contenaient soit
des larves traitées a 1’AO, soit des larves traitées
a la roténone, ont été replacés dans leur colonie
d’origine. Deux lots d’échantillons (larves au 5°
stade) ont été prélevés I’un 6 h, I’autre 48 h apres le
traitement. Des échantillons de larves non traitées
« témoins » ont été prélevés a la fin du 5¢ stade.
Les larves de chaque groupe ont été disséquées,
leurs glandes salivaires isolées, fixées dans une
solution saline de formol a 10 % et montées dans la
paraffine. Des tests d’immunohistochimie ont été
appliqués aux coupes histologiques afin de détecter
la mort cellulaire (kit de détection in situ ISCDDK)
et de localiser les protéines de choc thermique
(HSP). On a détecté les HSP70 et HSP90 dans
le cytoplasme et/ou dans les noyaux des cellules
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sécrétrices, a la fois dans les conditions normales
et dans les conditions de stress. Les larves traitées
a la roténone ont présenté une coloration intense de
HSP70 dans les noyaux et le cytoplasme basal des
cellules des glandes salivaires, probablement en
raison de la fonction de protection de cette protéine
contre les dommages aux mitochondries et contre
la fragmentation nucléaire. Cela suggere que la
HSP70 peut avoir un effet antiapoptotique (contre
la mort cellulaire programmée). Le traitement a
la roténone n’a pas modifié le niveau de mort
cellulaire dans les cellules sécrétrices des glandes
salivaires, ni provoqué de modifications physio-
logiques. Chez les larves traitées a 1’AO, on a
observé une augmentation du marquage de HSP70
induites par le stress dans le noyau et le cytoplasme,
ainsi qu’une coloration tres intense pour HSP90,
principalement dans le cytoplasme des cellules
stressées. HSP90 pourrait servir de chaperon étant
donné la grande quantité de protéines dépliées ou
dénaturées présentes dans les cellules stressées. Les
glandes montrent également des degrés variables
d’altération morphologique de la cellule et une
augmentation du niveau de mort cellulaire.

Apis mellifera | glande salivaire / stress cellu-
laire / immunohistochimie / roténone / acide oxa-
lique

Zusammenfassung — In situ-Lokalisierung von
Hitzschockproteinen und Zelltodmarkern in
Speicheldriisen von Akarizid-behandelten Ho-
nigbienenlarven. Akarizide sind die hdufigsten
chemischen Stressfaktoren fiir Bienenlarven. In die-
ser Studie untersuchten wir, ob die Behandlung
von Honigbienenlarven mit ,,alternativen Varroa-
Kontrollsubstanzen, wie z.B. Oxalsiure (OA), oder
mit einem Akarizid wie Rotenon zur Uberexpres-
sion von Hitzeschockproteinen und/oder Zelltod
in den Speicheldriisen fithren kann. Apis mellifera
Larven wurden in den Waben mit Oxalsdurelosung
(OA/Saccharose im Verhiltnis 2,97 %/31,95 %
(w/w)) bespriiht, so dass jede Larve mit 0,121 mg
OA-Losung behandelt wurde. Rotenon wurde iiber
die Waben gesiebt, um diese Substanz gleichmis-
sing {iber die Brutzellen zu verteilen. Die Larven
wurden mit 0,5 g eines 1 % Rotenonpriparats be-
handelt, so dass die Dosis pro Larve 0,29 mg des
Produkts entsprach. Die mit Oxalsdure oder Rote-
non behandelten Waben wurden in die Voélker zu-
riickgegeben, aus denen sie entnommen worden wa-
ren. Als Proben wurden Larven im 5. Stadium 6
Stunden, bzw. 48 Stunden nach der Behandlung ent-
nommen. Als Kontrollen wurden unbehandelte Lar-
ven im 5. Stadium entnommen. Die Larven wur-
den prépariert und die Speicheldriisen entnommen.
Nach der Fixierung in 10 % Formol (in Saline) wur-
den diese in Paraffin eingebettet. Die Immunhisto-
logie fiir Zelltodmarker (in situ cell death detection
kit, ISDDK) und Hitzeschockproteinen (HSP) wur-

de an histologischen Schnitten durchgefiihrt. Hit-
zeschockproteine (HSP70 und 90) konnten im Cy-
toplasma und/oder den Kernen der Speicheldriisen
nachgewiesen werden, sowohl bei behandelten als
auch bei Kontrollarven. Rotenon-behandelte Lar-
ven wiesen eine starke Farbung fiir HSP70 in den
Kernen und im basalen Cytoplasma auf, vermutlich
aufgrund der Schutzfunktion von HSP70 gegen mit-
ochondriale Schiddigung und Kernfragmentierung.
Dieser Befund weist auf einen antiapoptotischen
Effekt fiir HSP70 hin. Die Rotenon-Behandlung be-
wirkte keine Verdnderung in der Zelltodrate und
hatte auch keine morphologischen Veridnderungen
in den sekretorischen Zellen der Speicheldriisen zur
Folge. In den mit Oxalsédure behandelten Larven be-
obachteten wir einen Anstieg in der stressinduzier-
ten HSP70-Markierung in den Kernen und im Cyto-
plasma, sowie eine sehr starke HSP90-Markierung
im Cytoplasma. HSP90 konnte hier eine Rolle als
Chaperon spielen, als Folge der grossen Menge an
entfalteten und denaturierten Proteinen in den ge-
stressten Zellen. Die Driisen zeigten ausserdem va-
riierende morphologische Verdnderungen und eine
erhohte Zelltodrate.

Apis mellifera [ Speicheldriise / zelluliirer Stress /
Immunbhistochemie / Rotenon / Oxalséure
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