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Honeybees (Apis mellifera L.) inside the hive (nurse workers and other hive bees)
and outside the hive (foragers) are exposed to climate and weather changes, various
pesticides, pathogens, and malnutrition, mainl ing through the mouth and
primarily affecting the digestive tracts of adult be understand and prevent the
effects of such external and internal stgfss on honeybees, one useful research
method is the immunohistochemic etho asic protocol is described to prepare

the midgut (ventriculus) and hypoMgaryngeal glands (HPGs) of adult bees for

July 4, 2022 histological analysis. A d ﬁ methodology is described to assess the level of cell

damage and distinguigh nec§gis from programmed cell death (apoptosis) as a natural
DOl process of tissue ration. The results of adult honeybee treatment with oxalic
10.3791/64141 acid and pegiigjdes (iM¢Ecticide and acaricide) and the determination of cell death in
URL the ventric®gus anl) HPGs are presented. The pros and cons of the methodology are

jove.com/t/64141

aIsGussed.

Honeybees (Apis mellifera L.) are, among other wild

Introduction

pollinators, the most important pollinators of agricultural
plants. Over thousands of years, the changing environment
has influenced bees to adapt their morphology, physiology,
behavior, and tolerance to several pathogens and parasites.
Therefore, honeybees have developed a highly diverse
range of species and subspecies around the globe1. These
results are consistent with previous findings, that there is

genetic variation in the honeybee's digestive tract structure,

but also suggest that alterations of the midgut are due to

environmental factors?:3.

The digestive tract of the honeybee has three main parts:
foregut, midgut (ventriculus), and hindgut4. The ventriculus
is an essential organ for the digestion of pollen and nectar/
honey; in the hindgut, osmotic control takes place through
absorption of water and ions2. The hypopharyngeal glands
(HPGs) of honeybee workers are located in the head and
synthesize and secrete royal jelly components to feed the
brood, the queen, and members of the colony. Their size

changes with age and tasks and depends on proper nutrition
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(quality pollen). Nurse workers aged 6 to 18 days perform
brood rearing, and the size of HPGs increases®-%. In forager
bees, the HPGs degenerate and only secrete enzymes that
are important to convert the complex sugars into simple ones

(a-glucosidases, leucine arylamidase, invertase) in honey7.

Honeybees are exposed to several biotic and abiotic

stressors®

, and the digestive tract can be affected by
several negative stimulants. The first barrier that protects the
organism from pathogens is the peritrophic membrane in the
midgut, which consists of intestinal mucosa to protect against
pathogens4. The development and function of HPGs depend
on diet, age, and colony condition®, and are affected by
insecticides, acaricides'?, and pathogens11 12,13 Acaricide
residues in the hive due to varroa control treatment and
pesticides from the environment affect forager bees and
nurse bees'® 15, The greatest threat to honeybee colonies
is the mite Varroa destructor, both as a vector of vir
contributing to colony losses'® and as a consumer
host's fat body (an important vital organ in ybees

which consequently affects the individual's bod@wlony
functions'’ .

However, intensive farmland itats can provide a

short-term food supply for honWfbees. Therefore, agri-
environmental schemes should enhance the availability of
honey flowers in agricultural Iandscapes18. To assess the

6,19,20,21 4 sublethal

morphology of different subspecies
effects of these factors at the cell or tissue levels, especially
midgut and HPGs, histological and immunohistochemical
methods are practical and sufficiently accurate to be used in

histology research in honeybees.

Protocol

1. Basic histology for honeybee research

1. Dissection of honeybee tissue
NOTE: For the dissection of worker bees, use a
dissecting microscope with an LED light source. The

most useful magnification is ~20x.
1. Manipulation and dissection

1. Carefully fake a worker bee with forceps and put

iton i8 p the freezer at -20 °C) for 2 min
igmobili¥e it?2. Pin the bee on the Petri dish
lly through the uppermost back portion

of the thorax twice, from left to right and from

right to left.

2. Pour insect saline to cover the body. Place the
Petri dish under the microscope, focus, and

adjust.

3. Prepare the instruments (see the Table of

Materials).
2. Dissection of midgut

1. Start with the abdomen by inserting one point of
the scissors under the tergite A5 (Figure 1) in
the center of the right side of the bee body. Cut
to the tergite A2.

2. Keep the inner blade of the scissors parallel
with the side of the body to avoid damaging the
internal organs. Turn the scissors left and make
one cut; turn right and make another cut. Gently
open the left part of the abdomen and pin it.

Repeat on the other side.

Copyright © 2022 JoVE Journal of Visualized Experiments
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2.

3. Using forceps with one hand, gently pull the
honeybee stomach upward, and with scissors
in the other hand, cut at the very end of the
esophagus. Pull the stomach and midgut away
from the abdomen and cut at the rectum. Use
a pipette with insect saline solution and remove

any feces or parts of the tissue.
Dissection of HPGs

1. Immobilize a worker bee on ice as described
in step 1.1.1. Cut the head off and place it on
the smaller plate with the antennae facing up.
Secure the head with two pins: one through the
left compound eye and the second through the

right compound eye.

2. Make a cut across the first compound eye on the
inner side of the pins, continue to the labrum,
and then make another cut on the oth id

across the second compound eye (Figure

3. Cut off the antennae. Lift off th§g masl and
cut where still attached. T, the forceps and
carefully remove the glan®gtogfther with the

brain and part of th ound eyes.

Fixation, dehydration, and parfin embedding

NOTE: Wear protective gloves.

Place the tissue in penicillin bottles, filled 3/4 with

10% formalin. Keep in a refrigerator at 4 °C.

After 24 h, dehydrate the tissue in a series of
alcohols: 70%, 80%, 90%, 100%, for 1 h each, 100%
2-propanol for 1 h, 100% 2-propanol for 12 h, and
finally 100% 2-propanol for 1 h.

3.

Place the tissue in histocassettes; mark and place
them in the glass chambers with 2-propanol and

paraffin (1:1) in an incubator at 60 °C for 24 h.

Move the histocassettes to another chamber with
paraffin (I.) for another 24 h. Repeat the procedure
with fresh paraffin twice more (Il. and lll.), both for

24 h.

Finally, prepare the mounting station and start

embedding the tissue into wax.

1.  Open eggimgistocassette and remove the cover.

Fill the

ssige with warm forceps in the middle of the

ith wax and carefully put the

Place the histocassette on the mold and slightly
cover it with wax. Immediately place the mold on
the cold surface of the mounting station for a few
seconds, then place it on the cold plate for a few
minutes until the wax hardens and separates

from the mold together and the histocassette.

Store the finished samples in a box, away from dust

and heat.

Cut 4 pm thin sections on a microtome: first,
two sections attached to each other and then
one separately. Transfer the sections with forceps
and let them float on distilled water (42 °C), then
collect them on clean slides by placing two sections
together on the left side of the objective glass and
the third one on the right side, remaining distinctly
separate. Leave the marked slides overnight on
the heating device and finally store them in a box

dedicated for histology samples.

Dewaxing and rehydration

Copyright © 2022 JoVE Journal of Visualized Experiments
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NOTE: Wear protective gloves.

1. Prepare nine Coplin jars and put the sections into a

series of clearing agents (1., Il., Ill.) for 5 min each.

2. Putinto 2-propanol, ethanol 96% (l., Il.), alcohol 90%

and 80%, and distilled water for 3 min each. 3.
4. Dyeing with hematoxylin and eosin
NOTE: Wear protective gloves.
4.

1. Prepare six Coplin jars.

2. For hematoxylin and eosin (H&E) staining, put the

dewaxed, rehydrated sections in hematoxylin for 5

min, then carefully place them under the running tap
water for 2 min. Then put them into distilled water for
1 min and eosin for 4 min (for eosin, the Coplin jar

is not necessary).

Place the slides in ethanol 96% for 1 min, then 2-
propanol for 2 min, and finally into the clearing agent

for 2 min.

Add mounting medium and a cover glass and let

them dry. Observe under a light microscope.

Figure 1: Dorsal view of honeybee body. A1-A7 tergites. The detailed instructions on honeybee dissection can be found in

Carreck et al.2*. Please click here to view a larger version of this figure.
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Figure 2: Dorsal view of HPGs, parts of compound eyes attache

5 to 6 days has plump and creamy white HPGs. The acini are lo

reaching the back of the brain. In foraging bees, these glands

e brain (not visible). A young worker bee aged

d on the’brain and fill the head area with branches

eatly shrunken and leave only thin thread-like remains.

For this reason, it is better to remove glands together wjgfl the brain"to make it easier in further procedures to avoid losing the

tissue. Scale bar = 500 ym. Please click here to view a |

2. Cell death detection in tissue sggtion

1. Apoptosis detection kit (Assay A)

NOTE: Follow the manufactu ocol (see the Table

of Materials).

1.

Prepare the Coplin jars.

6.

10.

cdfersion of this figure.

Place the slides in 4% paraformaldehyde in PBS (5

min).
Immerse the slides in PBS (2 x 5 min).

Place the slides flat in the container, add 100 pL of

equilibration buffer, and leave them for 5-10 min.

Add 100 pL of TdT reaction mix. Put paper towels
inside the container, around the slides, moisten the
towels with water, and then cover with plastic wrap.

Incubate slides for 60 min at 37 °C.

Place the slides back in the staining rack and
immerse in 2x saline-sodium citrate (SSC) for 15

min.

2. After dewaxing and rehydration (see step 1.3),
immerse the slides in 0.85% NaCl solution, and then
in phosphate-buffered saline (PBS) (5 min).

3. Put the slides in 4% paraformaldehyde 2 x 15 min.

4. Place the slides flat in the container and add 100
ML of a Proteinase K (20 ug/mL) solution, then leave
them for 10-30 min.

5. Place the slides in PBS (5 min).

Copyright © 2022 JoVE Journal of Visualized Experiments jove.com
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11.

12.

13.

14.

15.

16.

17.

Immerse the slides 3 x 5 min in PBS, then in 0.3%
hydrogen peroxide for 3-5 min, and then in PBS

again, 3 x 5 min.

Again, place the slides flat in the container, add 100
ML of Streptavidin HRP (horseradish peroxidase),

and leave for 30 min (cover with plastic wrap).
Immerse the slides 3 x 5 min in PBS.

Place the slides flat in the container and add 100 uL
of 3,3'-diaminobenzidine (DAB) solution. Look for a

light brown background.

Return the slides to the rack and wash them several

times in water (double-distilled).

Mount the slides under glass coverslips in mounting

medium and leave flat to dry.

Observe under a light microscope.

2. Apoptosis detection kit (Assay B)

NOTE: Follow the manufacturer's protocol (segthe Ta

of Materials).

1.

2.

Prepare Coplin jars.

Prepare Proteinase K (20 ug/m@d in PBS).

After dewaxing and reh IMY the sections (step

1.3), place the slides in PBS for 5 min.

Place the slides flat in the container and add

Proteinase K (20 pg/mL, 60 pL per 5 cm? specimen).
Wash the slides 2 x 2 min in distilled water.

Quench in endogenous peroxidase (in 3% hydrogen

peroxidase) at room temperature.

Rinse the slides 2 x 5 min with PBS or water.

8. Place the slides flat in the container and apply

equilibration buffer (75 uL/5 cm2) for 10 s at room

temperature.
9. Carefully wipe around the tissue.

10. Add the TdT enzyme (terminal deoxynucleotidyl
transferase) to each section and incubate in a
humidified chamber for 1 h at 37 °C. Put paper

towels inside the tray, around the slides, moisten the

towels with water, and cover them with plastic wrap.

11.

12. W e, anti-digoxigenin conjugate to room
temperMre.

13. h the slides in PBS (3 x 1 min).

14. Carefully wipe off around the tissue.

15. Add two drops of Anti-Digoxigenin-Peroxidase
conjugate (65 uL/5 cm?) to the sections and incubate

for 30 min in a humidified container.

16. After washing in PBS 4 x 2 min, prepare working-
strength peroxidase substrate, and gently tap off

excess liquid and aspirate around the section.

17. Cover the sections with peroxidase substrate (75
ML/5 cm?) and stain for 5 min. Place a slide under the

microscope and determine the optimal staining time.

18. Wash the slides in a staining rack in distilled water

(3 x 1 min).
19. Incubate the slides in distilled water for 5 min.
20. Counterstain using hematoxylin for 2 min.
21. Place the slide under running tap water for 3 min.

22. Wash the slide in distilled water.

Copyright © 2022 JoVE Journal of Visualized Experiments
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23. Mount the slides under glass coverslips in mounting

medium and leave flat to dry.

24. Observe under a light microscope.

3. Apoptosis detection kit (Assay C)

NOTE: Follow the manufacturer's protocol (see the Table

of Materials).

1.

2.

10.

11.

Prepare the Coplin jars.

Dewax and rehydrate the tissue sections (see step

1.3).

Incubate the tissue with Proteinase K (15-30 min at

37 °C).

Place the slides back on the rack and rinse 2x in

PBS.

Cover with 50 uL of "'TUNEL reaction mixture'. Place
wet paper towels inside the container, cover them

o

with plastic wrap, and leave them for 60 min at

Rinse 3x with PBS.

Place the slides in the container and@area

around the tissue sample.

Add 50 pL of Converier-AP to e sample and

incubate in a humidified er for 30 min at 37

°C.
Rinse 3x in PBS.

Add 50-100 uL of substrate solution and leave for 10
min in the dark.
NOTE: Observe

the staining under a light

microscope.

Rinse the slides 3x with PBS.

12. Counterstain by transferring sections into
hematoxylin for 2 min and then carefully rinse in

running tap water for 5 min.

13. Mount the slides under glass coverslips in an
aqueous mounting medium and leave them flat to

dry.

14. Observe under a light microscope. Assess the
affected (positive) cells by counting 70 to 100 cells
in each sample of the midgut or HPGs under a light

microscope.

Representgpive Its

Cell death deN€ctigft in the midgut

New, erged worker bees (Apis mellifera carnica) from the
eriment&@l apiary at the Agricultural Institute of Slovenia

jubljana were individually treated with 3% oxalic acid
( )23. OA is frequently used in beekeeping for Varroa
destructor control. After the treatment, the worker bees (three
from each group) were immobilized on ice. The midgut
was dissected and fixed it in 10% formalin. The tissue was
then dehydrated in a series of alcohol solutions and finally
embedded in paraffin wax. After being cut with a microtome
into 7 um thin sections, the tissue samples were prepared for
analysis. Using a light microscope, the percentage of affected
cells (70-100 cells from each of three midgut samples) was
calculated. The results with Assay B indicated that treatment
with OA significantly affected the cells in the midgut (Figure
2). Assay A showed no difference between treated and control
bees; rate of cell death was under 10%. In control bees,

fed sugar syrup only, the morphology of the midgut was

unaffected and well preserved.

Copyright © 2022 JoVE Journal of Visualized Experiments
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Figure 3: Midgut. (A) Hematoxylin and eosin staining; (B) immunostaining (Assay G

localized in the nuclei of the midgut cells. Scale bars = 100 um. Please click he,

Cell death detection in HPGs

In the next trial, the experiment was conducted, selecting
three disease-free colonies (Apis mellifera L.). Combs with
covered brood were placed in an incubator (34.5 °C), and the
newly emerged worker bees were marked with a spot @' t
ed th

thorax to define their age. This procedure was rep

times to obtain differently aged bees. The bees §ere ngprked

and returned to their colony. The bees w ampled after 30
days from the beginning of the trial. FinaRg thejJwere put into
a7.5cmx4 cmx4cm hoarding with wire mesh on one

side and kept in an incubator at 28¢C.

Workers were treated with insecticide (imidacloprid) or

acaricide (coumaphos), both solutions in sublethal doses,

@ idgut. Intense red staining is

to vievNgPlarger version of this figure.

or sugggsyrup control groupm. The bees of different

groupPs e immobilized and the HPGs dissected. A sample
isted of three to five workers from the same group

obtain as many cells as possible. The affected cells

were evaluated using immunohistology methods. Red (Assay

C) and brown (Assay B) reaction products were detected
in the apoptotic nuclei of HPGs. Positive red nuclei after
imidacloprid or coumaphos treatment were determined in the
majority of glandular cells (Figure 3), and only sporadic cell
nuclei showed brown reaction product from the same treated
groups (Figure 4). The control group had no damaged HPG

cells.
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Figure 4: Hypopharyngeal glands. (A) Hematoxylin a

localized in the nuclei of the cells. (C) Immunostaining (A%ga

v \ * r

it

egsin stalning; (B) immunostaining (Assay C). Red staining is

. Brown reaction product indicates the positive cell nuclei.

Scale bars = 50 mm. Please click here to view @version of this figure.

Discussion g
In living organisms, cell death is de as apoptosis
2

or necrosis?® and can be acc by autophagyze.

The difference between apoptotic 8nd necrotic cells is that
apoptosis is a form of programmed cell death and appears in
normal cells, whereas necrosis occurs due to lethal conditions
(e.g., accident, disease)27'28. Apoptosis can be detected
using assay kits based on the TUNEL technique (detection
ofDNA fragmentation by labeling the 3'-hydroxyl termini in
the double-strand DNA breaks generated during apoptosis).

Different kits provide several levels of sensitivity in detecting

cell deletion.

One of the assays (Assay C) is highly sensitive and detects
both apoptosis and necrosis??; the other assay (B) shows
higher sensitivity for detecting apoptotic cell death30. The
principle of Assay C is to detect DNA breaks in the early
stages of apoptosis. After fixing and permeabilizing the
apoptotic cells, the tissue is incubated with a TUNEL reaction
mixture. Meanwhile, the role of TdT is to catalyze the addition
of fluorescein-dUTP at free 3'-OH groups in DNA. After the
tissue is washed, the anti-fluorescein antibody marks the label
in the damaged parts of the DNA. The principle of the antibody
is to attach to the enzyme alkaline phosphatase that works
as a reporter. Lastly, the AP can be seen as a result of this

specific reaction3".
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Haematoxylin and eosin staining of organs is a
straightforward and useful method for morphological analysis
using light microscopy. Including this step first to observe
any morphological changes of cells is recommended. For the
detection of early stages of apoptosis in the thin sections
of honeybee tissue, at least two kits are available for
immunohistochemical analysis (see the Table of Materials).
Both turn the apoptotic cell nuclei dark brown and are
visualized using light microscopy. Using Assay A (TUNEL
technique), the Streptavidin HRP (horseradish peroxidase)
conjugates to biotinylated nucleotides, and apoptotic nuclei
turn brown after the reaction of DAB (diaminobenzidine, a
stable chromogen). Assay B distinguishes cell damage via the
detection of DNA cleavage and condensed chromatin, which

is a sign of early apoptosis.

In a healthy organism, the level of cell renewal can usually be
assessed in small percentages32’33. Cell death in the mi
increased after the OA treatment, which indicates that th
of OA has a detrimental effect on worker bee dguts i

lab experiments. The group of bees treated with@oprid
and coumaphos revealed an increased ¢l degh (red nuclei)
in the food glands'?, indicating cell d Or Necrosis;
programmed cell death was fo low level (brown
nuclei)m. However, necrotic and $poptotic cell death was
found at high levels, especially after imidacloprid treatment.
In the group of untreated bees, the level of programmed
cell death in HPGs was not more than 10%, which is in

accordance with normal tissue turnover32.

Cell death, both due to damage or programmed cell death,
was detected by both assays (B and C) and resulted
in different sensitivity; the first one detects both necrotic
and programmed cell death’?. As confirmed in the healthy

workers (control group), both assays detected sporadic

positive cells only10. The apoptosis and necrosis detection
assays used in immunohistochemical analysis of honeybee
tissue turned out to be a powerful method to explore the

sublethal effects of different substances on honeybees.

Critical steps in the protocol:

After being cut with a microtome, tissue sections must be
placed onto the objective glass on a warm plate (flattening
table, see Table of Materials) overnight. It is essential for
the samples to be well dried for future steps in the protocols.

When tissue is not well attached to the glass, it can detach
from the surface in

advisable to uge the IiJ ii

of the desir gsu

dure for cell death detection. It is

icroscope to verify the presence
Next, it is useful to dye the first slide
with to ch for the correct section with many cells
(especiall§ghe glandular tissue) and prepare new ones in

the midgut section is not appropriate. HPGs can be quite
cNyllenging to find, so care must be taken not to cut too many

sections; otherwise, the glands will be lost.

Adding positive control to detect DNA fragmentation is useful
but optional. It is important to treat the slides separately to
avoid high background staining in the experimental slides. In
Assay B, the positive controls are included in some of the
kits (see Table of Materials); others should be purchased

separately.

The method has a limitation in its length and precision.
Preservation of tissue in an aqueous mounting medium is only
short-term (under 3 months). If longer preservation is desired
(not recommended due to possible changes of color), there

are other mediums, but the results are not as reliable.

Using these two methods (apoptosis and necrosis detection)
simultaneously is very useful to compare the different effects

of pesticides on honeybee tissue, especially for sublethal

Copyright © 2022 JoVE Journal of Visualized Experiments

jove.com

July 2022 - €64141 - Page 10 of 13


https://www.jove.com
https://www.jove.com/

jove

effects. The alternative method would be the observation of 2. Jordan, R. Kleine Bienenkunde. Osterreichischer

foraging activity and its impact on the cognitive perception of Agrarverlag Wien Miinchen. 41-45. (1964)

worker bees affected by pesticides. Such a method would be
3. Snodgrass, R. E. The Anatomy of the Honey Bee.

faster in detecting sublethal effects on adult bees' activities,
In The Hive and the Honey Bee. Dadant and Sons.

pp.111-113. (1975).

but would not answer any questions regarding the extent of

the internal damage that can alter behavior in the early stage,

as in young (nurse) bees. 4. Snodgrass, R. E. The Anatomy of the Honey Bee.

Cornell University Press. (2004).

Histological analysis of the simple morphology of honeybee
5. Hrassnigg, N., Crailsheim, K. Adaptation of

tissue is a solid basis for approaching different research
hypopharyngeal gland development to the brood status

perspectives in cell damage, apoptosis, or malformations.
of honeybee (Apigmmgllifera L.) colonies. Journal of Insect

@ -939 (1998).

6. Smodi$ , M. 1., Gregorc, A. Characteristics of

The causes of pesticide use in the environment or colony
Physiology. 44
treatment due to parasites and pests can be detrimental and

significantly affect honeybee lifespan and colony survival. The

midgut and HPGs are essential organs in honeybees and mary | glands in honeybees (Apis mellifera
carn

have the ability and purpose to quickly respond to any kind of from a nurse colony. Slovenian Veterinary

negative external factors that affect the age-related activities Research. 52 (2), 67-74 (2015).

of bees. The HPGs decrease in size and secretion abilij N Kubo, T. Change in the expression of hypopharyngeal-

and epithelial cells in the midgut respond by incr gland proteins of the worker honeybees (Apis mellifera

cell death. Immunohistochemistry methods, su S in si L.) with age and/or role. Journal of Biochemistry. 119 (2),
studies, are useful tools for apoptosis detection iRQeedlssue. 291-295 (1996).
They also show the potential to be impI@in studies of 8. Sammataro, D., Yoder, J. A. Honey bee colony health:

possible adverse effects on honeybees er beneficial Challenges and sustainable solutions. Taylor & Francis

insects. Group. 302. (2012).
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